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<MfflSft&IMKM»tite» 2, 2' -T*/ 

(2. 4 ~^y^;Un'U!3^h yjU) . 

Mtctt, a-***x>L,fk£«» <*B4*»2 3 6 766 
H236?67O30&4MMett) > 7^0^ 

225i2^s«saa> . ftjNMWt&fttfta* 

1*3 04 6 12 7^, B12 95 1 75 8^>&PfflSlfi 

to . Fyru-A^*y'/-jU^^4p-r4 ( / 

7*xji>*|o£<Ml»£4>tt <*H«®t3 54 93 6 
4M4Mfl360-lQ58 87«fi«!. *@*£t*42 3 

9 8&o*4JM«ett) *J:W+*s>rr/-JWt«*i 
(#mft4 21297 o warmest) #as*M. 
msmttm** * c i >$mm\t* ✓ ? - m) mmtcn 

U0. 0 1 ISWJ: 2 0 NttKHTC* *K 5 6 «c» 20 
*t/«tQ. IMWaJLlOWBiaTt***. 

S) («} ^w«tt«>«^a5. ooo- 

m&»t7**^±k,x\mmp>--^ <in-a>, <i 
n-b> (iii-c) r-^^n^^cD^if^ti 

[0054] **^<D«KS*I«W<Z) I -<D»tfcli 1 
0^90M»#»IK, 3 0-7 0WSWBK*? 

A*ci3Wf*u*. to*. coiMca, Me#£<>>& 40 

[0055] IrliTOO. 1 -5 0*:;WC.fc*C 
<. 0. 5-5*rt^rfc£C4^4>«*0<,*. ft 

loose] *^<j>«fi?sia^S!feKt*$ 6tcw<wsai 
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18 

HRXdii-a). <iii-b) (in-c) 

Br'?). SCN\ BP.". PF*\ CIO/. 
(CF,SO a ),N-, <CF,CF,S0,> 4 N\ CH, 
S0,\ CF>SG/. CF*COO\ Ph.B\ <C 
F,SOi) iC-^lli^t/tW^n. SCN 
\ CF,SO,\ CF*COO\ (GF,S0 3 ) 2 N-te 
JtfBF, ts< W&n*, *fc, We, * 
«»|fi|±©>W*6, Li K CF.COOLk CF, 
COONa, L i SCN. Na SCN*£<DT**MJ£ 

I*. 0. 0 2^21WXBKT**®ro*i/<. 0. 

[0057] *fW<WS»Mffl^WC. Li I. Na 
I. KLCsKCa I zft£0&g53*?4tA!, 4f& 

*~*)Mt<gm<OB0m&. Br,£LiBi\ Na B 
r. KB i\ CsBr, Ca B raft^^ARKfbli. 

F. t:«jy~^7o^ Fft^arv^-^Mtft 

xO*>-7* iJVX$A4*>ft£©£gtif*. 

Mffc^l'U^A. T)\>*&?*~b-7>l*)lt>zfr? 
3 o MKtaT-e* * c t am? $ t 

[0058] *mwm&m$rc&, MI2**£0?I* 
[0059] ^McmMIUHWcflll-r 

<o<fc^ft^<torii, xfu^-^-K ^ae 
u>*-**-hftir«)*-**-nk^M % 3-^=f 
^-2-*+^/y^y>ftir<^afkd«!. 

-^ftir«E)M«x-?Jtj> % -ie*^-ib, x*y- 

»jn-;u^y7^*iux-^, *ij^oeu>yua 
-A*-/rA**x-^ftir<is>r*=i-^«. x^u 
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01) 

<>. ifUV*-**-K 7et:i/ hfc 
4'©*>-*4- Mfc£«». 3--rf*4.-2-**U- , /U 

A.. 'JiKti"©-F 'J;Mb£*l, 10 

©Hs^-OSE ( 1 StE> K*W*3teK*2 0 OX*Lh 
*5»S0<, 2 50*CJgLt*5J:OW*t/< > 2 7 Oriil 

[006 1 ] *£i5!©Sf!?S*Uj*Bj£. >)1->A4*> 

oosstfcom?*^ 2 0ssw=>6 0ss%#s 

[0062] *$<9i<D£l£9tad$K*. f t$K£4*J: 
5 +^©SlS^l«. CCD (SmS^raH 1 ) 

, jfe^Wb^>tf-fc4"K^*C4#-C* 
[0063] (SS&ffcSSSflk] «T«. *#Mf©S»S 
[0064] *^©Saffc^Sflfet*. l-c, 

c-sstc (fi*b> ejS(c**£ot. «B?s*©+ + yr 
s*j*£o*sfs («*t;rB£fc!S#i9*Ms$> . 2* 

[0 06 5] (*SStffc^®fe] «TtC. *^W©SJK 

gfflis«i*«fflL.fcit:^w©jfe«swb^aifetco<,»T:ia 50 



4832002-343440 
20 

xMwlmcwc&z. *^<wfesa(b^stf!t*. u 
asma&B##^<D«i8e*ij^£sii o-c <, **© 

[0 06 6] ( 1 ) tfiSgftS^ 
Site, *|^IK^pJl6ft;*S^$*©H5!l** 

<Sftg 1 6 . ®m&m 1 8&0WfiWWI 2 0 «x 

SBurfe*. syfeai6«. e^dtcj^-dasi/fc 
#«tta 2 4 & . s^ta^W4 1 4*6**. *mm 

24«, *«f*8^*$**.«f**Ett©ar*9, # 

B 1 8 Km>*Mf44E! -5. iSSg 1 2© 

T««££2 6. ay»fi«SH2 0©±K:|*Sfi2 8 

^Hsn-cv*. s«2 6, 2 8it%.&%m+ic& 
ttvenofle**. «®t 1 2 isaeei 6 

4©tS# t JStKB 1 6 iSfflfiSS 1 8 Set 

taats 1 8 i*i®9«® 2 o to^tnmvm, &W>& 

x«*t®?se2 o 4SR2 8 *. *nen*giiiift 
[0067] xtc. jUcsasat^ i o©fp«KO(.»ra 

ffll* s ©4 » K f - f« «fc 0 iSR 1 2 

ae^-c, issei 2i£ttawu2 0<cMorA©a& 

tt. C©*S«*?l-MBBK*>ft<4. »ai 2*© 

**ctfV*Big-ctt** o ftiw *>^e««s 2 o tcarr 

■S. S^B, 8m3Stm#SjSS"C*&«8£tt. c© 

fees* («*«ri 3 ) ^a«d©Br<b<**jginur7c 

[ o o e 8 ] «t, wi2itsxfe^^ ©&e icm*i® 
^Hwayf-e©»fiS*stco^-ca?)»'& <> ft. ut 
t?. (mmtzm n^tmt. wsh i 2 ©*. 
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[oo69] <A)mmm& 
mmm&m*. ( i ) mmom® xt* ( 2 > 

n. WAK, £«#*4 <0ft, ft. If!. 13, mis. 
>. 7;i>*^A^xt*cft6£St?£ft> *fli<r»&c 

it) <om&. mtmiKmmittttM 10 
wtotuxtt&n ft. a, «3, sis, * 

ft) . ml >ummt&mmtte w>^oa-xx 

CfctO«> W^i, *flUK>B£t*Q. 02- 
lOnmUtPlteU*, 

ft? f b < t*2 0 ft/aaTC** # 20 

jamc am?** t \t. *]&^mm*& < 4 0 0 - 

1 2 0 0 n in > ®#Oh^5Ut&m- *i * r 1 

[0072] mmmzmt mzxtt? 

o<&7>**>£ F~tr>?ofc::|*ftxx&*u;j: 

<i^z>oi>-?szm\Wb i i to) -c^o m&$nc 

&ti<D$3f<»&^mT&t> iw?xfc£o#?*s«e> 
tt*. aw*!)-?-? **a£«^*c£#T'**o a 

a-x <tac> t #yx^u>? i/7i?u-h (PE 
T> . *'Jxfl,>t7^l/-|- (PEN) , ^>S>* 

< p (PPS) . tf'ja-tf*- h (PC) . *U 
7tfb-F <PAr ) , #'M;l>:7*> (PSF) , 
'M*7^A^?*> (PES) t #»M$ r <P 
I ) . nwx-+fr4l f (PE I ) . IStttf 

[oo73] mm&ttzmo>m*:Tvz>mv& 
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Bft. ft, *50, 7M,*^$A, M. «** 

U\> ftJg U - Pt£MSKtc$3. X>< 

iToa^^*^^«s*a^4(2>3Wi!t/c»« ft 

B !/ - P1WK Jc&A^littTtt. a 1 o 
[0 07 4] <B> 

[0 07 5] < 1) **ft 

[007 6] ft?*U*ftB©y7^3y^^ptLX, * 

d?>. XX, &> 

>X«tx-7^^5S(bte. ^P$»>AXI^>fei/>fk 
bk. -<>v^a. y?p 

a^A^DU^IkHi, *M A - t*Xti^~ ^ ^ 

*• 5^«Cli. M,0«S.»iM > fe M\0. (M. K^S 
CXMMWnenftSTOT, OttBOURf. x, yS^ 

[0077] *WHC£lJ8^4iN9flc©»* 0^*f*« 
li. Si, TiO>. SnOi, Fe,0„ WO>, Zn 
O. NbaO,. CdS, ZnS, PbS, Bi t S 3> C 
dSe, CdTe, SrTiO s . G«iP. InP, G 
aAs, Cu I nS> Cu I ii Se a £l?*>0. <t#)» 
Al/<tiTiO», ZnO, SnO,. Fe^O,. W 
0„ Nb»0», CdS, PbS. CdSe. SrTi 
0>, I nP, CaAs, Cu I nSiWPCu I nS 
e,t?*0. 4l«c«F*t/<ttTiO>4»J:9Nb,Oirft 

«l/<ttl0 0K7^-«BMW)TiO A t 1 *^ 
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4/Cfi*2a, 3flK>£Jg#&r*0^ #S9(*tt>*>«8tt 

warn* f- ^-r * c £ 4>w^r^-5o 
[0078] *^tcfflc^*«^t*^ttsr'4^s 

t?t«fet*^ % sJSaxf. x* 

[0079] * WWft-^OttattHB^ n in - n m«? 10 
*6^fc-ftltiF0TOIft8l*5 0 0 n ©-cab* 

**l*J:Stf*Bftt\ lft»E>**ft. flAKlOOn 

[0080] 44HMtt?<MNMtt«2«U±«« 
^r*^r^>j:^. 2««±o>*«f*»»^*s&i,T 

«HW**te. lttttTiOj, ZnCK N D a O* *>b 

tt/XttSnO,, F«,0»fct/«iWO/C**Ct* 
*?*U> S6K»*W*«*d*>1*£OT:W:. ZnO 
iSnO,. ZnOiWO.XIiZnO. SnO,£W0, 

*4>tta***<. 2 eg «twci«*si«^ 

1 0 0 n myJbr. '14 1'ttflHDtt?* 1 5 n m 
[008 1] *«#Wtt*OfP»tttO , Ctt 1 ftftft* 

o r»/;i- 7 y*m»tt < 1 9 9 8 

A^>f\m\ < l995¥>^Kga^y/U-'/*& 

^4lMX»5&«*8j . CXQA. S&3 5%. £9 
^. 1 0 1 2 - 1 0 1 8jU < 1 9 9 6*) fciH$tt>yjU 
U». SfcDe srus salk&mftUtc 
UWtlMWrMWc^lR J: 5 Bffctt* fftl 

[008 21 *W«MW#«it* ±S7 
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24 

- icy- Ts**)t» £ • VtXTY-. &8 

0«, 131 2#. 3157 —3 171 P (199 7&£) 
ftiie*te>**e>. Burns 1 de 6<Z)$r $ x h !l- • 
*rr.-**iJ7*X. 31 OS, 519^, 24 1 9--2 
4 2 5M«CgS80##fe»*Ol* o 

[0083] < 2 > ^tfartt^s 
jne^wtt*. pats, ms«cit%m»±^«3n 

ft. «K*r!B*RVSS^^*fl*C*^o **c. &@ 
<LPDtt> , X/ty jr^fJBM*** 

mmtto? \y * * mi -csboh u*€ mm 

[0084] ^ 
[0085] tfSMSi *X«SS(^#»S«i 

-C. #yx^l/>y»j3-^*aMsiT^Cit4»*0 

8-45 8 9^«:iawSnxC»*^^t-M-^. *s 
^1*26 8 1294^, 327 6 14 19*. 32 7 6 

1C«. OJS, t^-b? h^^^t'7^3^flJlSI^Ii 
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*i6©**>£. n»*«cj£or. it*o 

[0087] ^ftmafi-Qmimfatcmb?. tag© 

S^OfeftSett^-r fciOSHMWaSK J: h D * 

utcw^x. mfrm. : m<m*.m®z\t 
o. i - 1 o Ophite. *ste«:ffn,'S«g£. m& 

Mt8(te^e©S3ttl-3 0«m*H!t*O<. 2-2 5 
u <n#J: ♦) iff* U>. 4yS(*»tfcf©38«* 1 «a* Sfc 
SifefiiSBii, 0- 5~100sA5tf*L<, 3 

[0089] ^mm^mmm.m±K.mmurc 

ttMa&<M^«3^&<Dft*tt«l^S « 

K. «H»«U1^ *?* U'lHI&gg©*! 

H«4 0 'CfeLt 7 0 0 •CfilT-Cife 0 . «fc»J »* t < I* 1 

oomie o o wfc«*. *fc»«w#H« 1 o # 

*RJU' S BSffct*. 5nm«TO']»gl**SU*«tt 

[0090] mimm.. mm&+o>mmw: 
«f*am^©sm?<ja$*iS»-sBWT\ miss 

[0091] 9 < ©ft£**g-r & 

< . 2 *E><C 1 0 0mVLtX&$><»im£ Ol'. C©±IR 
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w#K*w&iia<.>#, »s i o o o tees-cab*. 
[0092] < 3 > est 

[ 0 0 9 3 ] C -5 bfefeffU*. *«f*<!&&^©aiffitcfl 
0-C«eiy3O«iaaSi!ie^S (interlodana orou 
p) %Hi,X\>i,Wj$i£.L,\,>. BF* 0(,>t££g£ OX 
It. COOHS. OHS. SOiHS, -P <0> (0 
H) .SfeJctf-OP <0> (OH) .^©J^fcBSti 

OHS, -P (0) (OH^S&Jtf-OP CO) 
<OH) w. C*\&©*«7/l.rty& 

a i» 7 y y ■? a«<> * d n i &«s©j: 
[0094] yr, s!*stcfflt»ist$ o^«s»a^«: 

'JASS^feKiL'Cti. mi**@!Hli*4 9 2 7 7 2 1 
^. 34 6 84 6 3 7*1. 35 0 84 36 5^. B5 3 
50644^. B5463057^. B5525440 
^<mWW£. RU, «»¥7-2497 90^, m 
*?10-5045 12^. 1SSf^98/50393 
m2 0 0 0 - 2 6 4 8 7^$©S£««Ciees©it 

[ o o 9 5 ] ^ ^tcpaas^-f i A^asr-* 

•HRSC (IV) 

(A*) «Ru (B-a) . (B-b) . <B-C). 

me-m. ( i v> *, am* i zit2mDm&*&$i 

f. A'«CI, SCN. H.O, Br. I , CN. NC 
O. SeCN. a-^lrh>*, v>-7RRy^*^ 

^< j >E©a«5n*^ea: t&iy>t>mmz,mii : i-x& 

*©«s«f*(>t». t*s2y±©«^. 2ULh©A , liB 
-•CtS<?o-C«,»r4>J:t,». BJ&-HRSC ( I V) B 
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27 28 
?. ttiO-3©C^rn^«S»«r*U u> v^cXw [0 09 6] 

ttstoxtti ftie-flfca; (IV) r-3t<*ft&* [ft i 2] 



8-1 



HOOC COOH 




B-6 



&-7 




8-10 



[0097] Sales (B- 1) - (B- 10) 4». R' 



40 



t*. iSS-ftbfc < I V) B-a. B-bRtfB-c 
[0 09 9] 
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S-7* 






ft-e 


SON 
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B-1 


B-t 




H 


n-7 


SCN 


1 


B-1 


B-3 








O 


1 


B-1 


B-4 




H 




1 


a 


B-1 






H . 




GCN 


3 


B-S . 


mm * 








CM 


.* 


B-8 






•» 




BCN • 
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- B-2 


B-* 




H 


R-13 


mm 


0 


B-1 


8-1 


B-1 





[0100] * * [ft 14] 




[oioi] ib)**>m. St. ^DVTi>€MR, y-jAejEfc*©*'; 
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^SuSiOt:;*. fUUX. 1-3 5 836 

4*KI¥1 1 -67 28 5^. 1 1-8 69 1 

6*. WHVl 1-977 25-^, »1 1-158 
3 9 5^< fc0B¥l 1-163 3 7 83, 1- 
2 147 3 03. 1-2 1473 13. 

1 1-2389053. 4*312000-264873, a 



(17) 4^82002-343440 

32 

*R«H*glF8924 1 13. P9 1 I84l3&tf399 

i o 9 2^©&i»fflSKK$«as»s3stf6n*. 

[0102] 
[ft 1 5 ] 



IH2 




■-a 




[0103] 



[it 1 6 3 
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(oi <M j <4> ^mm^vsMms 
¥7 - 2 4 9 7 9 o^tca^snt:*,^ j: ^ tcfasag* 

^) . t>j»**XA*+f K, T* KS <N, N-^ 

>\>. m«^oeu>sf) , yios (T 

[0105] s&cr^gsi*. £tl§*«ft«feg& 
<t>#{4*pm dm') J§fc0 0. 0 1 - 1 0 0 mmo 

ti. ^awmte*! ergfcOO. 0 l-luimo K»a 



20 



30 



40 



*a«Jt*81t«fcftlC<*. «*1Keftgtaa«tT4<!> 

amicus ftc. *«<$ffi®s« 

[0 106] 
[ft 1 7 ] 



[0107] *««<DeS«. ©Sa^^tC^CC J: 

>^4&&m>T4^f*t^^£a*«!&U-C <> 
J:i». a?*C(,»7 5>*itriiv fj^v, 4-t- 
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[oio8] (o mm&m 
«iB(,»4c kK&wtn^mwmt Of 

I*. ( i ) ^t^teattHiU-C, fflt&7&i<Z>-<*> 

straw**?* <\&. *tc. -f*>*i*ia>*>*«?aiia! 

*«*©»*>«:. < 1 1 > ® f*«J>©# V ') 7-*Mfr#;toN> 

[oio9] < i ) ^.m^'mmm 

#&-c\ #^*©mtt5-rs cites*, 
io 1 1 o] mmmm. ^mmmm^^n^t 

[oiii] mmma. ®ss,<o&tMmsictei,>x\t 

[0 112] ( D) MS 

mituxit. m (mim&> a. m. m. 7>n 
z-vk ■?tr*>0J*. 4i>vt>j*m) . %m. xi#s 40 

©JfSttfcKWIfoSttfc^*!, 3no)-10««l 
* K 1*2 0 Q/D«TC<&&. 50 
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[o 1 1 3] ««tt^f*tM«ox»-rn*^-*x«iJi 

t>. #>z>t,>it&s&®&mx%z. 

[oii4] mmmmitcmmmttem 

&©#*?* b<,». totM'smi)- Yoxmmf 

«stt38#f*©ei&£i5i D 
[0115] < e ) -e©fft©s 

&Z. Ti£*mtUXtil$U><»\tT iO,. SnO,. 
Fe t O,, W0„ ZnO. N^O.r&O. Sfctcj? 
*1/<I*T iO,T?*4. -mOBIi, mi*Electroch 
T».ftctaW,643-652(lS95>tCI2^Sn-C t>^> X7 U - A 

•C#5. T*9eo>»fiU»®©ti5-l OOOnmr 

1 0^-5 0 0nui#<?&fc:«f* LI*. 
[0 116] *fc, SgtUTfM?*«Stt28{*£ 

cxmi5&> is*. mm-tti&zmi.>zct#x-i! 
[0117] $«)«<wfe«a<t^«fe«, matfcst 

[0118] *mwitmmt#m&, s*«KiiHE 
wm&tt&z ')- rmwtoxtii&znznimn 
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#££31liRt?S*o JW*HC|* #08200 0-26 8 
[0 119] [#7iCL*?gfik] *lfeW<z>ms?g 

toi20] *mommmtoz#&~xmmm 
* u* « * 0 /^a^m bt^fiMHtt vx 

It. 'J?9A3*Ti, V. Ci\ Mn, Fe. Co, 
Ni. Cu, Mo, W*£«Hfc«!**W&ft*. Ate 

*)?*j*w\<D7>\>**)$m m*m&vm\ u a> 

m. #2 <UA)teWc#), Rtf/XttAI. Ga, 
In. Oe, Sft v Pb. Sb, Bi. Si, P. Bfc 

£*muxb£i>. m£m£®mmtc.*iuxQ^3 

Omo IWju^o 

Cr. Mn, Fe, Co. Ni, Mo. Wi»*>mmiZ> 
&&<lbim <O£ite)*Mt#>0. 3-2. 2tcfr 

[0 1 22] *Jwr»i»6n*«ecB*wfi^^A 
%i/m&mit£to <ccc9*AR£ii % v. cr, 

Ma. Fe, Co, N i *»6St*ftS;Mr < ±& 18) 

[ 0 I 2 3 ] *WH?JBt***i«ftecii * OC* 'J * ^ A 
MWftaiBMHMEfiSMtt, Li.M'O* (MM* 
Co. Ni. F e RUM n *>6Bt2ft h 1 W#± . tr = 
0-1. 2> *gtrt*ft. XtiL uM«,0. HTUM 
n. h-0-2> r*3ti«xtr^«ffi«rWT«t^ 

a. In, Ge. Sn, Pb, Sb. Bi, Si. PX 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The electrolyte constituent containing the liquid crystal compound which repeats the 
polysiloxane structure shown by the following general formula (I), and it has as a unit. 
[Formula 1] 




HRSC ( I ) 



R expresses an alkyl group among [general formula (I), and L expresses single bond or a divalent 
connection machine. A expresses a mesomorphism substituent. However, a mesomorphism 
substituent may have an ionicity basis and a mesomorphism substituent contains the counter ion in 
that case.] 

[Claim 2] The electrolyte constituent according to claim 1 characterized by the aforementioned 
mesomorphism substituent being the salt which consists of an anion part containing a meso gene 
machine, and a cation part which consists of the opposite cation. 

[Claim 3] The electrolyte constituent according to claim 2 with which the aforementioned pair cation 
is characterized by being alkali-metal ion. 

[Claim 4] The electrolyte constituent according to claim 1 characterized by the aforementioned 
mesomorphism substituent being the salt which consists of a cation part containing a meso gene 
machine, and an anion part which consists of the opposite anion. 

[Claim 5] The electrolyte constituent according to claim 4 characterized by being chosen from the 
group which the aforementioned pair anion becomes from an iodine anion, a sulfonamide and 
disulfon imide, N-acyl sulfonamide, a carboxylic acid, a sulfonic acid, alcohol, an activity methylene, 
and the anion that activity methine dissociated. 

[Claim 6] The electrolyte constituent according to claim 1 to 5 characterized by the aforementioned 
liquid crystal compound being a polymer-liquid-crystal compound obtained by carrying out a 
polymerization. 

[Claim 7] The electrochemical cell characterized by including an electrolyte constituent according to 
claim 1 to 6. 

[Claim 8] The charge transporting bed which contains an electrolyte constituent according to claim 1 
to 6 on a conductive base material, the photosensitive layer containing the semiconductor by which 
sensitization was carried out with coloring matter, and the photoelectrochemical cell characterized by 
having a counter electrode. 

[Claim 9] The non- water rechargeable battery characterized by including an electrolyte constituent 
according to claim 1 to 6. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the electrolyte constituent 
containing a liquid crystal compound, the electrochemical cell using electrolyte ******** especially 
a non-water rechargeable battery, and a photoelectrochemical cell further. 
[0002] 

[Description of the Prior Art] The electrolyte used for electrochemical cells, such as a non-water 
rechargeable battery and a coloring matter sensitization solar battery, is a medium which has the 
function (it is called ionic conduction) to convey the ion to inter-electrode, including the carrier ion 
according to the purpose. For example, in the lithium secondary battery which is the representation of 
a non-water rechargeable battery, transportation of a lithium ion does the influence for the 
performance of an electrochemical cell with the big conductivity of iodine ion and iodine trimer ion 
in a coloring matter sensitization solar battery. In these cells, generally, although the solvent system 
with high ion conductivity was used abundantly as an electrolyte, there was a problem of an 
exhaustion of the solvent at the time of including in a cell and leakage reducing the endurance of a 
cell. Moreover, in order to seal a solution in a lithium secondary battery and to have to use a metal 
vessel, it was difficult for cell mass to become heavy and to also give flexibility to a cell 
configuration. In order to conquer the fault of such a solution system electrolyte, various electrolytes 
are proposed in recent years. The so-called gel electrolyte (JP,61-23945,B public relations, JP,61- 
23947,B public relations) which made the solution electrolyte permeate a polymer matrix has not 
inhibited volatilization of a solvent completely, although the fall of the ionic conductivity to a 
solution system electrolyte does not drop a cell performance small. Moreover, although the polymer 
electrolyte (-2184 or KMurata, Electrochimica Acta, Vol.40, No.13-14, and p2177 1995) which 
dissolved the salt in polymer, such as a polyethylene oxide, is expected as what solves the problem of 
a solution system electrolyte, ionic conductivity's is not yet enough. On the other hand, although an 
opposite anion is room temperature fused salt with imidazolium salts and pyridinium salts liquefied at 
a room temperature, such as BF4- and 2 (CF3S02)N-, and it is proposed as an electrolyte for lithium 
ion batteries, an electrolytic mechanical strength and ion conductivity conflict, and when own 
viscosity of fused salt was raised, or it is the means of making polymer contain etc. and a mechanical 
strength is strengthened, the fall of ionic conductivity is seen. Furthermore, ion conductivity 
temperature dependence was large and the above electrolytes of especially the ion conductivity in low 
temperature were inadequate. 

[0003] By the way, although compound solar batteries, such as a single-crystal-silicon solar battery, a 
polycrystal silicon solar cell, an amorphous-silicon solar cell, a cadmium telluride, and selenium-ized 
indium copper, are set as the object of utilization or research and development, the photovoltaics 
which transform a light energy into electrical energy need to conquer troubles, such as reservation of 
a manufacturing cost and raw material, and the length of an energy pay back time, when making it 
spread. On the other hand, although many solar batteries using the organic material which pointed to 
large-area-izing or low-pricing were also proposed until now, the conversion efficiency was low and 
there was a problem that endurance was also bad. 

[0004] In such a situation, the technology of a photoelectrochemical cell using the optoelectric 
transducer (it abbreviates to a coloring matter sensitization optoelectric transducer henceforth) using 
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the oxide semiconductor by which sensitization was carried out to Nature (the 353rd volume, the 
737-740th page, 1991), U.S. JP,4927721,B, etc. with coloring matter, and this was indicated. This 
cell consists of the optoelectric transducer, charge transfer layer, and counter electrode which 
function as a negative electrode. An optoelectric transducer consists of a conductive base material 
and a photosensitive layer, and a photosensitive layer contains the semiconductor with which coloring 
matter stuck to the front face. A charge transfer layer consists of a oxidation reduction object, and 
bears charge transportation between a negative electrode and a counter electrode (positive electrode). 
In the photoelectrochemical cell proposed by the above-mentioned patent, the solution (electrolytic 
solution) which uses salts, such as potassium iodide, as an electrolyte as a charge transfer layer was 
used. This method was cheap and it was a problem for a photoelectric conversion efficiency not to 
fall remarkably by evapotranspiration of the electrolytic solution and exhaustion, if it is used over a 
long period of time, although it is promising, or to stop functioning as a cell in that a comparatively 
high energy conversion efficiency (photoelectric conversion efficiency) is obtained. 
[0005] The method of using as an electrolyte the imidazolium salt which is a low melting point 
compound as the exhaustion prevention method of the electrolytic solution at WO 95/No. 18456 is 
indicated to this problem. Since according to this method water and the organic solvent which were 
used as an electrolytic solvent were unnecessary or little and ended conventionally, although the 
improvement of endurance was found, still, when endurance is inadequate and the imidazolium salt 
was made into high concentration, while viscosity became high, charge transportation ability fell, and 
there was a problem that a photoelectric conversion efficiency became low. Furthermore, there is the 
method of using a thoria ZORIUMU salt as an electrolyte, and the same problem as an imidazolium 
salt arises also in this method. 

[0006] As mentioned above, it is a very difficult technical problem that it is compatible in a 
mechanical strength and ion conductivity as an electrolyte of electrochemical cells, such as a lithium 
ion rechargeable battery and a solar battery. 

[0007] As one method of solving these, making an electrolyte constituent contain a mesomorphism 
compound is proposed. The part which has the coordination ability to ion, such as an alkyleneoxy 
machine, as these examples, the compound (JP,1 1-86629, A) which has a meso gene machine, the 
compound (JP,4-323260,A) with which the meso gene machine was introduced into the polyethylene- 
oxide chain, the compound (JP,1 1-116792,A) which has a mesomorphism part in the side chain of a 
polyethylene oxide, the compound (JP,6-19923,B) with which the meso gene machine was 
introduced into the side chain of a polysiloxane through the oligo oxyethylene spacer are shown. 
These consist of a motile flexible high part which dissolves an electrolyte salt and conducts ion by 
carrying out complexing to a cation, and an upright part (meso gene machine) for carrying out 
molecular association, in order to maintain a mechanical strength. 

[0008] By the way, in order for an electrolyte to function efficiently in an electrochemical cell from 
Shigehara's and others latest research (Journal of Power Source, 92 volumes, 120 - 123 pages, 2001), 
it turns out besides ionic conductivity being high that it conducts more nearly alternatively [ carrier 
ion ], i.e., it is a performance overlay important point that the carrier ion transference number is high. 
For example, in a lithium ion battery, it is desirable for the iodine anion transference number to be 
high in the coloring matter sensitization solar battery from which the lithium ion transference 
number's being high and an iodine anion serve as a carrier. In the mesomorphism compound 
mentioned above, the strong basis of cations, such as a polyalkylene oxide, and an interaction 
restricted the cation, and has caused decline in the cation transference number. Moreover, since 
molecular-motion nature falls, the improvement in the ionic conductivity itself is not expectable with 
complexing with a cation, either. 

[0009] The oligo oxyethylene part which the polysiloxane by which alkylation was carried out to the 
electrolyte constituent which introduced the meso gene machine into the side chain of the 
polysiloxane which shows **** and is indicated by Japanese Patent Publication No. [ like ] No. 
19923 [ six to ] on the other hand is illustrated, and, as for this electrolyte constituent, restricts a 
cation strongly serves as a medium of ionic conduction, and is the expectable [ the high cation 
transference number ] present condition. 
[0010] 
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[Problem(s) to be Solved by the Invention] this invention solves many problems in the 
aforementioned former, and makes it a technical problem to attain the following purposes. That is, 
the first purpose of this invention is offering the electrolyte constituent excellent in endurance and ion 
conductivity. Furthermore, the second purpose of this invention is offering the electrochemical cell 
excellent in endurance and the electrical property (photoelectric transfer characteristic) which used 
the electrolyte constituent concerned, a non-water rechargeable battery, and a photoelectrochemical 
cell. 
[0011] 

[Means for Solving the Problem] The above-mentioned technical problem is solved by the following 
meanses. That is, this invention is an electrolyte constituent containing the liquid crystal compound 
which repeats the polysiloxane structure shown by the <1> following general formula (I), and it has 
as a unit. 
[0012] 
[Formula 2] 



[0013] R expresses an alkyl group among [general formula (I), and L expresses single bond or a 
divalent connection machine. A expresses a mesomorphism substituent. However, a mesomorphism 
substituent may have an ionicity basis and a mesomorphism substituent contains the counter ion in 
that case.] 

[0014] The electrolyte constituent of the aforementioned <1> publication characterized by the 
mesomorphism substituent which A in the <2> aforementioned general formula (I) expresses being 
the salt which consists of an anion part containing a meso gene machine, and a cation part which 
consists of the opposite cation. 

An electrolyte constituent given in the above <2> whose <3> aforementioned pairs cation is 
characterized by being alkali-metal ion. 

The electrolyte constituent of the aforementioned <1> publication characterized by the 
mesomorphism substituent which A in the <4> aforementioned general formula (J) expresses being 
the salt which consists of a cation part containing a meso gene machine, and an anion part which 
consists of the opposite anion. 

An electrolyte constituent given in the above <4> characterized by being chosen from the group 
which the <5> aforementioned pairs anion becomes from an iodine anion, a sulfonamide and disulfon 
imide, N-acyl sulfonamide, a carboxylic acid, a sulfonic acid, alcohol, an activity methylene, and the 
anion that activity methine dissociated. 

The electrolyte constituent given [ aforementioned ] in <1>- <5> characterized by the <6> 
aforementioned liquid crystal compound being a polymer-liquid-crystal compound obtained by 
carrying out a polymerization. 

[0015] The electrochemical cell characterized by including the electrolyte constituent of a publication 
in either of <7> aforementioned <1>- <6>. 

The charge transporting bed containing an electrolyte constituent given in either of aforementioned 
<1>- <6> on <8> conductivity base material, the photosensitive layer containing the semiconductor 
by which sensitization was carried out with coloring matter, and the photoelectrochemical cell 
characterized by having a counter electrode. 

The non-water rechargeable battery characterized by including the electrolyte constituent of a 

publication in either of <9> aforementioned <1>- <6>. 

[0016] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. The electrolyte 
constituent of this invention comes to contain the liquid crystal compound which repeats the 
polysiloxane structure shown by the following general formula (I), and it has as a unit. 
[0017] As shown in the following general formula (I), this specific liquid crystal compound repeats 
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the polysiloxane structure by which alkoxy substitution was carried out, and has it as a unit. This 
polysiloxane structure by which alkoxy substitution was carried out has high maneuverability, and 
since it can dissolve an electrolyte salt, without restricting a cation strongly, it can realize the cation 
transference number and ion conductivity higher than an oxyethylene machine. Thus, the 
polysiloxane structure by which alkoxy substitution was carried out serves as a medium which 
dissolves an electrolyte salt according to the principal chain, and conducts ion, it is one side, and the 
part with the upright side chain (mesomorphism substituent) brings about the macroscopic 
mechanical strength of an electrolyte constituent, without carrying out molecular association, and an 
ionic conduction medium's forming the structure base material which carried out phase separation 
micro, and reducing the maneuverability of an ionic conduction medium by mesomorphism. For this 
reason, the electrolyte constituent of this invention containing a specific liquid crystal compound is 
excellent in endurance and charge transportability ability. 
[0018] 
[Formula 3] 




-«ac ( i > 

[0019] Carbon atomic numbers (henceforth, more than C) are 1-24 preferably, the inside of a general 
formula (I), and R — alkyl group [ — You may be branched-chain, even if it is 1-10 and is a straight 
chain-like, more — being desirable (more than C) — For example, a methyl, ethyl, a propyl, butyl, i- 
propyl, i-butyl, Pentyl, hexyl, octyl, 2-ethylhexyl, t-octyl, desyl, dodecyl, tetradecyl, 2-hexyl desyl, 
hexadecyl, octadecyl, cyclohexyl methyl, and octyl cyclohexyl] is expressed. Furthermore, R may 
have the substituent. as a desirable substituent Carbon atomic numbers (henceforth, more than C) are 
1-24 preferably, alkyl group [ which may be replaced - You may be branched-chain, even if it is 1-10 
and is a straight chain-like, more — being desirable (more than C) — For example, a methyl, ethyl, a 
propyl, butyl, i-propyl, i-butyl, A pentyl, a hexyl, an octyl, 2-ethylhexyl, t-octyl, A desyl, a dodecyl, 
tetradecyl, 2-hexyl desyl, hexadecyl, Octadecyl, cyclohexyl methyl, and octyl cyclohexyl], the aryl 
group (desirable — more than C [ 6-24 ], for example, a phenyl, — ) which may be condensing the ring 
even if it has replaced 4-methylphenyl, 3-cyano phenyl, 2-chlorophenyl, 2-naphthyl, the heterocycle 
machine that may be condensing the ring even if it has replaced (the nitrogen in a ring may form 4 
class at the time of a nitrogen-containing heterocycle machine.) Preferably More than C [ 2-24 ], for 
example, 4-pyridyl, 2-pyridyl, 1-octyl pyridinium-4-IRU, 2-pyrimidyl, 2-imidazolyl, 2-thiazolyl, and 
alkoxy-group [ - desirable - more than C [ 1-24 ], for example, a methoxy, - Ethoxy ** butoxy, 
octyloxy, methoxyethoxy one, methoxy PENTA (ethyloxy), acryloyl oxyethoxy and pentafluoro 
propoxy] and an acyloxy machine (desirable — more than C [ 1-24 ], for example, acetyloxy, ~) 
benzoyloxy one and an alkoxy carbonyl group (desirable — more than C [ 2-24 ], for example, a 
methoxycarbonyl, ~) Ethoxycarbonyl, a cyano group, a fluoro machine, an alkoxy carbonyl group, a 
cyano group, and polymerization nature machines (preferably a vinyl group, an acryloyl machine, a 
methacryloyl machine, a styryl machine, a cinnamic acid residue, etc.) are mentioned. 
[0020] L expresses single bond or a divalent connection machine among a general formula (I). As an 
example of a divalent connection machine, -(CH2) n- (n shows the integer of 1-15 here), - CH2CH2 
(OCH2CH2) N- (N Shows Integer of 1-10 Here), - CH=CH-, -CH=N-, -N=N-, -N(O) =N-, -COO-, - 
COS-, CONH-, -COCH2-, -CH2NH-, -CO-, - CH=CH-COO-, -CH=CH-CO-, -(C**C)- (N Shows 
Integer of 1-3 Here), Such Combination, Etc. are Desirable. - (CH2) n- (n shows the integer of 3-10 
here), -CH2CH2(OCH2CH2) n- (n shows the integer of 2-8 here), and such combination are still 
more desirable. 

[0021] Although a mesomorphism substituent is expressed, a meso gene machine is mentioned as a 
mesomorphism substituent, for example, the inside of a general formula (I) and A are "Flussige 
Kristalle in Tabellen IT and Dietrich. Demus and HorstZaschke and the thing of which the 7-18 
(1984). publication is done are mentioned. Especially, what is expressed with the following general 
formula (II) is desirable. 
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[0022] 
[Formula 4] 

""Ql31~ Y 111 Ql21 TT" 
L J "2 

-«a (n) 

[0023] Ylll expresses the condensed-ring substituent which consists of a divalent 4 or 7 member 
ring substituent or them among a general formula (II). Q121 and Q131 express a divalent connection 
machine or divalent single bond, respectively, n2 expresses 1, 2, or 3, and when n2 is 2 or 3, even if 
two or more Yl 1 1 , Q121 , and Q13 1 are the same respectively, they may differ. 
[0024] Q121 and Q131 express a divalent connection machine or divalent single bond among a 
general formula (II), respectively. As an example of a divalent connection machine, -CH=CH-, - 
CH=N-, -N=N-, - N(O) =N-, -COO-, -COS-, -CONH-, -COCH2-, - CH2CH2-, -OCH2-, -CH2NH-, - 
CH2-, -CO-, - 0-, -S-, -NH-, -(CH2)l-3-, -CH=CH-COO-, - CH=CH-CO-, -(C**C)l-3-, such 
combination, etc. are desirable, and -CH2-, -CO-, -0-, -CH=CH-, -CH=N-, -N=N-, and such 
combination are still more desirable. Moreover, a hydrogen atom may be replaced in these. As for 
Q121 and Q131, it is desirable that it is especially single bond. 

[0025] The inside of a general formula (II), 4, 5, 6 or 7 member ring substituent divalent in Yl 1 1, 
The condensed-ring substituent which consists of them is expressed, and it is still more desirable that 
they are the saturation of 6 member ring aromatic machine, 4, or 6 member ring or an unsaturation 
aliphatic machine, 5, 6 member ring heterocycle machines, or those condensed rings, or as these 
examples Although the following formula (Y-l) - (Y-27) a substituent are mentioned, it is not limited 
to these. Moreover, you may be such combination. The still more desirable things in these 
substituents are (Y-l), (Y-2), (Y-18), (Y-19), (Y-21), and (Y-22), and especially desirable things are 
(Y-l),(Y-2),and(Y-21). 
[0026] 



[Formula 5] 
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[0027] A mesomorphism substituent may have an ionicity basis and a mesomorphism substituent 
comes to form the so-called anion part and the so-called cation part, and the salt structure constituted 
in that case including the counter ion. In case a specific liquid crystal compound adjusts an 
electrolyte, it can make carrier ion the counter ion of the liquid crystal compound which is ionicity, 
because this liquid crystal substituent has salt structure. For this reason, since there is no need of 
adding carrier ion in the form of a salt, separately and mobile ion other than carrier ion is not 
contained, the transference number of carrier ion can be raised. In this case, the basis which gives 
mesomorphism as a mesomorphism substituent, for example, a meso gene machine, is contained at 
least in one side of an anion part and a cation part. The basis which gives mesomorphism may not be 
included or organic ion (an organic anion, organic cation) or inorganic ion (an inorganic anion, 
inorganic cation) is sufficient as the anion part or cation part of the direction which has not been 
directly connected with L in a general formula (I). 

[0028] The salt which consists of a salt which consists of an anion part containing a meso gene 
machine and a cation part which consists of the opposite cation as suitable concrete composition of a 
mesomorphism substituent or a cation part containing a meso gene machine, and an anion part which 
consists of the opposite anion is mentioned. It comes to connect either these anions part and a cation 
part with L in a general formula (I). 

[0029] When a meso gene machine is included in a cation part, structure desirable as the cation part 
(substituent with a positive charge) is a general formula (Ill-a) or (Ill-b) (III-c) structure expressed. As 
for a meso gene machine, at this time, it is desirable to be contained as a substituent of Ry 1-Ry5 in 
general formula (III-a) - (IH-c), or Qyl. Moreover, it is desirable to be contained as the atomic groups 
Ryl-Ry5 which consist of a repeat unit shown by the aforementioned general formula (I), or a 
substituent of Qyl. 
[0030] 
[Formula 6] 



[0031] Qyl of a general formula (III-a) expresses the atomic group which can form the aromatic 
cation of 5 or 6 member ring with a nitrogen atom, and Ry 1 expresses the alkenyl machine which is 
not replaced [ the alkyl group which is not replaced / substitution or /, a polymerization nature 
machine, substitution, or ]. 

[0032] Ayl of a general formula (Hl-b) expresses a nitrogen atom or the Lynn atom, and Ry2, Ry3, 
Ry4, and Ry5 express respectively the alkenyl machine which is not replaced [ the alkyl group which 
is not replaced / substitution or /, a polymerization nature machine, substitution, or ] independently. 
However, Ry2, Ry3, Ry4, and Ry5 are not aryl groups simultaneous [ three or more ]. Moreover, two 
or more of Ry2, Ry3, Ry4, and Ry5 may form the un-aromatic ring which connects mutually and 
contains Ayl. 

[0033] Respectively, independently, Ryl, Ry2, Ry3, Ry4, Ry5, and Ry6 of a general formula (III-c) 
may express the alkenyl machine which is not replaced [ the alkyl group which is not replaced / 
substitution or /, a polymerization nature machine substitution, or ], among those two or more may 
connect them mutually, and they may form a ring structure. 

[0034] A general formula (III-a), (Dl-b), and (III-c) the cation expressed may form a polymer through 
Qyl, orRyl-Ry6. 




Ry 5 
© 

Ry 2 Ay, — Ry< 




A (m-a) 



A (m-b) 



Ry* Ry* 
A <m-c) 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



6/4/2003 



Page 7 of 33 

[0035] The composition atom of the atomic group Qy 1 which can form the cation of aromatic series 5 
or 6 member rings with nitrogen is preferably chosen from carbon, hydrogen, nitrogen, oxygen, and 
sulfur among a general formula (lH-a). 

[0036] As 6 member rings completed by Qyl, it is a pyridine, a pyrimidine, a pyridazine, a pyrazine, 
and triazine preferably, and is a pyridine more preferably. 

[0037] As a aromatic-series 5 member ring completed by Qyl, it is an oxazole, a thiazole, an 
imidazole, a pyrazole, an isoxazole, thiadiazole, an OKISA diazole, and a triazole, and they are an 
oxazole, a thiazole, and an imidazole more preferably. An oxazole and an imidazole are especially 
desirable. 

[0038] A general formula (Ill-a), and (JE-b) (IQ-c) inner Ryl-inner Ry6 It is the alkyl group (carbon 
atomic numbers (henceforth, more than C) are 1-24 preferably) which is not replaced [ substitution 
or ] independently respectively. Even if it is a straight chain-like, it may be branched-chain, and you 
may be a ring type. For example, a methyl, ethyl, a propyl, butyl, i-propyl, a pentyl, A hexyl, an octyl, 
2-ethylhexyl, t-octyl, a desyl, A dodecyl, tetradecyl, 2-hexyl desyl, octadecyl, cyclohexyl, cyclopentyl 
and a polymerization nature machine (desirable - a vinyl group and an acryloyl machine — ) Alkenyl 
machines which are not replaced [ substitution or ], such as a methacryloyl machine, a styryl machine, 
and a cinnamic acid residue (more than are 2-24 in C preferably) Even if it is a straight chain-like, it 
may be branched-chain, for example, a vinyl and an allyl compound are expressed, the alkyl group of 
more than C 3-18 or the alkenyl machine of more than C 2-18 is expressed preferably, and the alkyl 
group of more than C 4-6 is expressed more preferably. 

[0039] A general formula (Ill-a), inner Qyl, and Ryl-Ry6 may have the substituent. as an example of 
a desirable substituent a halogen atom (F, CI, Br, I), a cyano group, and an alkoxy group (a methoxy - 
-) Ethoxy ** butoxy, octyloxy, methoxyethoxy one, methoxy PENTA (ethyloxy), Aryloxy machines, 
such as acryloyl oxyethoxy and pentafluoro propoxy one (phenoxy etc.), alkyl thio machines (a 
methylthio, ethyl thio, etc.) and an acyl group (an acetyl — ) sulfonyl machines (a methane sulfonyl — ), 
such as a propionyl and a benzoyl An acyloxies machine, such as benzenesulphonyl (acetoxy, 
benzoyloxy, etc.), A sulfonyloxy machine (methane sulfonyloxy, toluenesulfonyloxy, etc.), 
phosphonyl groups (diethyl phosphonyl etc.) and an amide group (acetylamino — ) carbamoyl groups 
(N and N-dimethyl carbamoyl — ), such as a benzoyl amide alkyl groups (a methyl, ethyl, and a propyl 
--), such as N-phenylcarbamoyl An isopropyl, a cyclo propyl, butyl, 2-carboxy ethyl, a benzyl, etc., 
aryl groups (a phenyl, toluyl, etc.) and a heterocycle machine (for example, pyridyl — ) Alkenyl 
machines, such as imidazolyl and furanyl (a vinyl, 1-propenyl, etc.), An alkoxy-group acyloxy 
machine (acetyloxy, benzoyloxy, etc.), Alkoxy carbonyl groups (a methoxycarbonyl, ethoxycarbonyl, 
etc.) and polymerization nature machines (preferably a vinyl group, an acryloyl machine, a 
methacryloyl machine, a styryl machine, a cinnamic acid residue, etc.) are mentioned. 
[0040] When a meso gene machine is included in a cation part, as the opposite anion preferably As an 
inorganic anion, a halogen anion (C1-, Br-, I-), an iodine trimer anion (I3-), NCS-, BF4-, PF6-, 04C1-, 
Ph4B-, AsF6-, SbF6-, and B10C110-, It is desirable to be chosen from the group which consists of an 
anion which a sulfonamide, disulfon imide, N-acyl sulfonamide, a carboxylic acid, a sulfonic acid, 
alcohol, an activity methylene, and activity methine dissociated as an organic anion. It is chosen from 
the group which consists of an iodine anion (I-, I3-) and an anion which a sulfonamide, disulfon 
imide, N-acyl sulfonamide, a carboxylic acid, a sulfonic acid, alcohol, an activity methylene, and 
activity methine dissociated as an organic anion more preferably. As an iodine anion OK I3-) and an 
organic anion, still more preferably A sulfonic acid, the anion (for example, (CnF2n+lS02) 
(CmF2m+lS02), imido anion expressed with N- (n --)) which disulfo nil imide and N-acyl 
sulfonamide dissociated m is chosen from the group which consists of six or less positive integer, a 
fluorosulfonic-acid anion (n is six or less positive integer) expressed with CnF2n+lS03-, 
respectively. It is an iodine anion (I-, I3-) especially preferably. This iodine anion is advantageous 
when using a specific liquid crystal compound as an electrolyte use for solar batteries from which 
iodine ion serves as a carrier. 

[0041] When a meso gene machine is included in an anion part, things desirable as the anion part 
(substituent with a negative charge) are a sulfonamide, disulfon imide, N-acyl sulfonamide, a 
carboxylic acid, a sulfonic acid, alcohol, an activity methylene, and the anion in which activity 
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methine carried out proton dissociation. 

[0042] When a meso gene machine is included in an anion part, as the above-mentioned general 
formula (IQ-a) and (IH-b) (IH-c) the cation of the structure expressed, and an inorganic cation, a 
lithium ion is suitably mentioned as an organic cation preferably as the opposite cation. A lithium ion 
is suitable also especially in these. This lithium ion is advantageous when using a specific liquid 
crystal compound as a lithium ion battery or an electrolyte for lithium cells. 

[0043] It is desirable that an alkyl group or an alkenyl machine is included as a basis which connects 
with a mesomorphism substituent (the counter ion is also included when it has an ionicity basis) the 
organic ion which shows an end group or a meso gene machine, and ionicity. As for the carbon 
number of these alkyl groups or an alkenyl machine, 6 to 25 is desirable, and 6 to 18 is still more 
desirable. Moreover, you may have the substituent and what was mentioned above as a substituent in 
R of a general formula (I) as a desirable substituent is mentioned. 

[0044] As a mesomorphism substituent, when using the electrolyte constituent of this invention for a 
lithium ion battery or a lithium cell use, especially desirable composition is an anion part in which the 
part connected with L in a general formula (I) contains a meso gene machine, and is the composition 
that the counter ion used as the cation part is a lithium ion. On the other hand, when using for the 
solar-battery use from which iodine ion serves as a carrier, it is desirable that it is the composition 
that the opposite anion which the part connected with L in a general formula (I) is a cation part 
containing a meso gene machine, and serves as the anion part is iodine ion. 

[0045] As a mesomorphism substituent, pKa of the conjugate acid of an anion part is desirable from a 
viewpoint which raises the dissociation concentration of the ion (for example, a lithium ion, iodine 
ion, etc.) from which it becomes a carrier in an electrolyte that it is 1 1 or less, and it is still more 
desirable that it is seven or less. 

[0046] Although the example P-l to P-28 of the poly siloxane structure shown by the general formula 
(I) is shown hereafter, this invention is not necessarily limited to these examples. In addition, let the 
liquid crystal compound which repeats the structure shown by this example and it has as a unit be the 
instantiation compound P-l to P-28. 



[0047] 
[Formula 7] 






(P-4) 




[0048] 
[Formula 8] 
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[0049] 
[Formula 9] 
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SOi Li* (P*22) 



[0050] 

[Formula 10] 

,OMe 
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4f °f - (P-27) 

0-CH 2 CH 2 (OCH 2 CH 2 )rS0 2 NS0 2 CFj 

H 2 C=CH— COOCHjCI^-N^"" \— ( ""V"C 10 H 2r n 



[0051] 

[Formula 11] 
owe 

o-(CH 2 )3-r^ N _ H Q_ oH Q HoC8Hrn 

CFaSO^-SOafCHzCH^te-CHaCHzSOj-N-SOaCF, {P _ 28 ) 
n " CsHl7 ° - O h ' 0- O >- | , '^N 



OMe 



4r<+ . 

O-fCHgfcSOaNSOjCFa 

^H 2 CH 2 c- + N Q^Q KcM Q_ oCsHirn 

CH, 
OEt 



[0052] A specific liquid crystal compound may be a high molecular compound obtained by having a 
polymerization nature machine and carrying out the polymerization of them. The radical 
polymerization method which is a general macromolecule synthesis method indicated by the 
laboratory procedure (Kagaku-Dojin) of Takayuki Otsu and Kinoshita **** 
collaborationimacromolecule composition, Takayuki Otsurlecture polymerization-reaction theory 1 
radical polymerization (I), and (Kagaku-Dojin) as a polymerization method which this high molecular 
compound obtains can be used. The thermal polymerization initiator which there are a thermal 
polymerization method using a thermal polymerization initiator and the photopolymerizing method 
using a phbtopolymerization initiator, and is used preferably For example, 2 and 2'-azobis 
(isobutyronitrile), 2, and 2 , -azobis (2,4-dimethylvaleronitrile), Azo system initiators, such as a 
dimethyl 2 and 2'-azobis (2-methyl propionate), For the example of the photopolymerization initiator 
which peroxide system initiators, such as benzoyl peroxide, etc. are contained and is used preferably 
alpha-carbonyl compound (U.S. JP,2367661,B - said - each specification publication of No. 
2367670) - The acyloin ether (U.S. JP,244828,B specification publication), alpha-hydrocarbon 
substitution aromatic acyloin compound (U.S. JP,2722512,B specification publication), a polynuclear 
quinone compound (U.S. JP,30461273 — said — each specification publication of No. 2951758) — 
The combination of a triaryl imidazole dimer and p-aminophenyl ketone (U.S. JP,354936763 
specification publication), An acridine, a phenazine compound (JP,60- 105667, A, the U.S. 
JP,4239850,B specification publication), and an OKISA diazole compound (U.S. JP,4212970,B 
specification publication) are contained. The desirable addition of a polymerization initiator is below 
20 mass % more than 0.01 mass % to a monomer (salt) total amount, and is below 10 mass % more 
than 0.1 mass % still more preferably. The desirable molecular weight (number average molecular 
weight) of the macromolecule obtained by the polymerization is 5,000-1 million, when monomers 
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(salt) are single organic functions, and it is 10,000-500,000 still more preferably. Moreover, when the 
case of polyfunctional monomer (salt) or a cross linking agent is used, the polymer of the above- 
mentioned molecular weight forms the 3-dimensional network structure. 
[0053] When using the electrolyte constituent of this invention for the electrolyte of a 
photoelectrochemical cell, it is desirable to use the electrolyte constituent containing I- and 13- as a 
charge carrier, and it can add them in the form of arbitrary salts. As an opposite cation of a desirable 
iodine salt, the above-mentioned general formula (Ill-a) or (Hl-b) (DI-c) the thing expressed is 
mentioned. As for an I3-salt, it is common to add iodine (12) to the bottom of I-salt existence, and to 
make it generate in an electrolyte constituent. Added 13- of 12 and the amount of said generates in that 
case. 

[0054] The concentration of I- in the electrolyte constituent of this invention has desirable 10 - 90 
mass %, and its 30 - 70 mass % is still more desirable. It is desirable that all the components of the 
remainder in that case are specific liquid crystal compounds. In addition, this concentration is the 
concentration also containing this, when I- is contained as a counter ion in the aforementioned 
specific liquid crystal compound. 

[0055] It is more desirable that it is [ 0.1-20 mol ] %, as for I3-, it is desirable that it is [ 0.1-50 mol / 
of I- ] %, and it is / it is still more desirable that it is / 0.5-10 mol / %, and / most desirable that it is / 
0.5-5 mol / %. In addition, this rate is this ****** rate, when 13- is contained as a counter ion in the 
aforementioned specific liquid crystal compound. 

[0056] The fused salt which may also contain still more nearly another fused salt in the electrolyte 
constituent of this invention, and is used preferably The aforementioned general formula (IH-a), and 
(III-b) (III-c) the shown organic cation and arbitrary anions are combined, as an anion Halogenide ion, 
SCN- (C1-, Br-, etc.), BF4-, PF6-, C104-, 2 (CF3S02)N-, 2 (CF3CF2S02)N-, CH3S03-, CF3S03-, 
CF3COO-, Ph4B-, 3(CF3S02) C-, etc. are mentioned as a desirable example, and SCN-, CF3S03-, 
CF3COO-, 2 (CF3S02)N-, and BF4- are mentioned still more preferably. Moreover, it is desirable 
that alkali-metal salts, such as Lil, CF3COOLi, CF3COONa, LiSCN, and NaSCN, are especially 
included from a viewpoint on the photoelectrical flow direction. As for the addition of an alkali-metal 
salt, it is desirable that it is a 0.02 - 2 mass % grade, and its 0.1-1 mass % is still more desirable. 
[0057] To the electrolyte constituent of this invention, metal iodides, such as Lil, Nal, KI, Csl, and 
CaI2, The iodine salt of the 4th class imidazolium compound, the iodine salt of a 
tetraalkylammonium compound, Metal bromides, such as Br2, LiBr, NaBr, KBr, CsBr, and CaBr2, 
Or the bromine salt of the 4th class ammonium compounds, such as Br2, a tetrapod alkylammonium 
star's picture, and a pyridinium star's picture Sulfur compounds, such as metal complexes, such as a 
ferrocyanic-acid salt-ferricyanic-acid salt and a ferrocene-ferricinium ion, the poly sodium sulfide, 
and alkyl thiol-alkyl disulfide, viologen coloring matter, a hydroquinone-quinone, etc. are made to 
contain, and can also be used. When making it contain, as for the amount of these compounds used, it 
is desirable that it is below 30 mass % of the whole electrolyte constituent. 
[0058] the liquid crystal compound and ** of the aforementioned specification in the electrolyte 
constituent of this invention — ** — a solvent can both be preferably used to this compound and a 
homogeneous amount at the maximum 

[0059] As for the solvent used for the electrolyte constituent of this invention, it is desirable for a 
dielectric constant to be high in improving ionic mobility low, and for viscosity to be the compound 
which improves effective carrier concentration and can discover the outstanding ion conductivity. As 
such a solvent, carbonate compounds, such as ethylene carbonate and propylene carbonate, 
Heterocyclic compounds, such as 3-methyl-2-oxazolidinone, a dioxane, Ether compounds, such as 
diethylether, ethylene glycol dialkyl ether, The propylene-glycol dialkyl ether, the polyethylene-glycol 
dialkyl ether, Chain-like ether, such as the polypropylene-glycol dialkyl ether, A methanol, ethanol, 
ethylene glycol monoalkyl ether, Propylene-glycol monoalkyl ether, polyethylene-glycol monoalkyl 
ether, Alcohols, such as polypropylene-glycol monoalkyl ether, Ethylene glycol, a propylene glycol, a 
polyethylene glycol, Polyhydric alcohol, such as a polypropylene glycol and a glycerol, an 
acetonitrile, Guru taro dinitrile, a methoxy acetonitrile, a propionitrile, Non-proton polar substances, 
such as ester, such as nitryl compounds, such as a benzonitrile, a carboxylate, phosphoric ester, and 
phosphonate, a dimethyl sulfoxide, and a sulfolane, water, etc. can be used. Also in this, nitryl 
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compounds, such as heterocyclic compounds, such as carbonate compounds, such as ethylene 
carbonate and propylene carbonate, and 3-methyl-2-oxazolidinone, an acetonitrile, guru taro dinitrile, 
a methoxy acetonitrile, a propionitrile, and a benzonitrile, and especially ester are desirable. Even if it 
uses these independently, they may use two or more sorts together. 

[0060] As a solvent, the boiling point [ in / an ordinary pressure (one atmospheric pressure) / at the 
viewpoint of the improvement in endurance by volatility-proof ] has desirable 200 degrees C or more, 
its 250 degrees C or more are more desirable, and its 270 degrees C or more are still more desirable. 
[0061] in using the electrolyte constituent of this invention for electrochemical cells, such as a 
lithium ion battery, at least one kind of the compound in an electrolyte constituent contains a lithium 
element (ion) - although it comes out and a certain compound is used suitably, as concentration of a 
lithium element (ion), 5 % of the weight - 100 % of the weight is desirable, and 60 % of the weight is 
still more desirable from 20 % of the weight 

[0062] The electrolyte constituent of this invention can be used for reaction solvents, such as a 
chemical reaction and metal plating, a CCD (charge-coupled device) camera, various electrochemical 
cells (the so-called cell), an electrochemistry sensor, a photoelectrical evaporation study sensor, etc. It 
is more desirable for it to be preferably used for a non-water rechargeable battery (especially lithium 
secondary battery) and the photoelectrochemical cell using the semiconductor mentioned later, and to 
be used for a photoelectrochemical cell. 

[0063] The electrochemical cell of this invention which used the electrolyte constituent of this 
invention below for the [electrochemical cell] is explained. Since the electrochemical cell of this 
invention contains the electrolyte constituent of the aforementioned this invention, it shows the 
outstanding endurance and outstanding ion conductivity. 

[0064] Except the electrochemical cell of this invention containing the electrolyte constituent of the 
aforementioned this invention as an electrolyte, there is especially no limit and it can take general 
composition. A general electrochemical cell becomes by composition which sandwiched the 
electrolyte by the operation pole and the counter electrode, and corresponding to the oxidization 
(reduction) reaction which occurs by operation best quality, and the reduction (oxidization) reaction 
which occurs by the counter electrode, when the carrier ion in an electrolyte moves between two 
poles, it functions. In the case of the photoelectrochemical cell mentioned later, in the case of the 
electrode (for example, coloring matter sensitization semiconductor electrode) and rechargeable 
battery from which an operation pole produces electromotive force by optical pumping, the active 
material which can carry out insertion discharge of the lithium ion in connection with oxidation 
reduction is used by an operation pole (usually called a positive electrode) and the counter electrode 
(usually called a negative electrode). 

[0065] The photoelectrochemical cell of this invention which used the electrolyte constituent of this 
invention below for the [photoelectrochemical cell] is explained. The photoelectrochemical cell of 
this invention has the charge transporting bed which contains an electrolyte constituent on a 
conductive base material, a photosensitive layer containing the semiconductor by which sensitization 
was carried out with coloring matter, and a counter electrode, and it constitutes them so that the 
optoelectric transducer explained to the so-called following may be made to work in an external 
circuit. The photoelectrochemical cell of this invention shows the outstanding endurance with small 
degradation of the cell performance in the passage of time while it is excellent in a photo-electric- 
translation performance, since the aforementioned charge transporting bed contains the electrolyte 
constituent of this invention. 

[0066] [1] An example of an optoelectric transducer applicable to this invention at optoelectric- 
transducer drawing 1 is shown. A conductive layer 12, an under coat 14, a photosensitive layer 16, 
the charge transporting bed 18, and the counter electrode conductive layer 20 come to carry out the 
laminating of the optoelectric transducer 10 one by one. A photosensitive layer 16 turns into the 
semiconductor layer 24 which carried out sensitization with coloring matter d from the charge 
transportation material t. The semiconductor layer 24 is a porous layer which consists of a 
semiconductor particle s, the opening was formed between the semiconductor particles s and the 
charge transportation material t has permeated this opening. The charge transportation material t 
consists of the same component as the material used for the charge transporting bed 18. Under the 
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conductive layer 12, the substrate 28 is arranged on the substrate 26 and the counter electrode 
conductive layer 20. Substrates 26 and 28 may be for giving intensity, and may not be in an 
optoelectric transducer. Moreover, on the boundary of each layer, for example, the boundary of a 
conductive layer 12 and a photosensitive layer 16, the boundary of a photosensitive layer 16 and the 
charge transporting bed 18, and the boundary of the charge transporting bed 18 and the counter 
electrode conductive layer 20, the constituents of each class may be carrying out diffusive mixing 
mutually. In addition, a conductive layer 12, a substrate 26, and/or the counter electrode conductive 
layer 20 and substrate 28 of the side which may carry out incidence of the light to an optoelectric 
transducer 10 from either or both sides, and carries out incidence of the light to it can consist of 
material which has light-transmission nature, respectively. 

[0067] Next, an operation of an optoelectric transducer 10 is explained. In addition, the case where 
the semiconductor particle s is n type is explained. If light carries out incidence to an optoelectric 
transducer 10, the light which carried out incidence will reach a photosensitive layer 16, will be 
absorbed with coloring matter d etc., and will generate the coloring matter d of an excitation state. 
The excited coloring matter d passes the electron of a high energy to the conduction band of the 
semiconductor particle s, and it becomes an oxidant itself. The electron from which it moved to the 
aforementioned conduction band reaches a conductive layer 12 by the network of the semiconductor 
particle s. Therefore, a conductive layer 12 has an electronegative potential to the counter electrode 
conductive layer 20. In the mode which used the optoelectric transducer 10 for the photoelectric cell, 
if this photoelectric cell is connected with an external circuit, the electron in a conductive layer 12 
will reach the counter electrode conductive layer 20, working in an external circuit. The generated 
reductant (for example, I3-) returns the oxidant of coloring matter d, and returns an electron while it 
returns this electrolyte component (for example, I-), when charge transportation material is an 
electrolyte. By continuing irradiating light, a series of reactions occur succeedingly and can take out 
the electrical and electric equipment. 

[0068] Hereafter, an usable material and its formation method are explained to each class of the 
aforementioned optoelectric transducer. In addition, below, when calling it "a conductive base 
material", it is accepted conductive-layer 12, and although it consists of a conductive layer 12 and a 
substrate 26 which it is arbitrary and is prepared, when calling it a "counter electrode" including both 
sides, it is accepted counter electrode conductive-layer 20, and both sides are included although it 
consists of a counter electrode conductive layer 20 and a substrate 28 which it is arbitrary and is 
prepared. 

[0069] (A) A conductive base material conductivity base material consists of the monolayer of (1) 
conductive layer or (2) conductive layers, and two-layer [ of a substrate ]. In the case of (1), material 
at which intensity and sealing performance are fully maintained as a conductive layer is used, for 
example, a metallic material (alloys containing these, such as platinum, gold, silver, copper, zinc, 
titanium, and aluminum) can be used. In the case of (2), the substrate which has the conductive layer 
which contains an electric conduction agent in a photosensitive-layer side can be used. As a desirable 
electric conduction agent, a metal (for example, alloys containing these, such as platinum, gold, 
silver, copper, zinc, titanium, aluminum, and an indium), carbon, or conductive metallic oxides (what 
doped a fluorine or antimony to an indium-tin multiple oxide and the tin oxide) are mentioned. The 
thickness of a conductive layer has desirable about 0.02-10 micrometers. 

[0070] A conductive base material is so good that surface electrical resistance is low. The ranges of 
desirable surface electrical resistance are below 50ohms / **, and are below 20ohms / ** still more 
preferably. 

[0071] When irradiating light from a conductive base material side, as for a conductive base material, 
it is desirable that it is substantially transparent. It means substantially that permeability is it 10% or 
more that it is transparent in some or the whole region of light of a visible - near infrared region (400- 
1200nm), it is desirable that it is 50% or more, and 80% or more is more desirable. It is desirable that 
the permeability of the wavelength region where a photosensitive layer has sensitivity especially is 
high. 

[0072] What formed the transparent conductive layer which consists of a conductive metallic oxide in 
the front face of transparent substrates, such as glass or plastics, by an application or vacuum 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_.web_cgi_ejje 



6/4/2003 



Page 14 of 33 

evaporationo as a transparent conductivity base material is desirable. A thing desirable as a 
transparent conductive layer is the 2 tin oxide or indium-stannic-acid ghost (ITO) which doped a 
fluorine or antimony. A transparent polymer film besides glass substrates, such as an advantageous 
soda glass and an alkali free glass without the influence of alkali elution, can be used for a transparent 
substrate in respect of a low cost and intensity. As a material of a transparent polymer film, there is a 
triacetyl-cellulose (TAC), polyethylene-terephthalate (PET), polyethylenenaphthalate (PEN), 
syndiotactic polystyrene (SPS), polyphenylene-sulfide (PPS), polycarbonate (PC), polyarylate (PAr), 
polysulfone (PSF), polyester sulfone (PES), polyimide (PI), polyether imide (PEI), annular 
polyolefine, and bromine-ized phenoxy etc. In order to secure sufficient transparency, as for the 
coverage of a conductive metallic oxide, it is desirable to consider as per [ 0.01-100g ] two lm of 
base materials of glass or plastics. 

[0073] It is desirable to use a metal lead in order to lower resistance of a transparent conductivity 
base material. The quality of the material of a metal lead has desirable metals, such as platinum, gold, 
nickel, titanium, aluminum, copper, and silver. As for a metal lead, it is desirable to install in a 
transparent substrate by vacuum evaporationo, sputtering, etc., and to prepare on it the transparent 
conductive layer which consists of the conductive tin oxide or a conductive ITO film. The fall of the 
amount of incident lights by metal lead installation may be 1 - 5% more preferably less than 10%. 
[0074] (B) The photosensitive-layer aforementioned photosensitive layer absorbs light, performs 
charge separation, and has the function which produces an electron and an electron hole. The 
aforementioned photosensitive layer contains the semiconductor by which coloring matter 
sensitization was carried out. With the semiconductor by which coloring matter sensitization was 
carried out, generating of an optical absorption, the electron by this, and an electron hole takes place 
mainly in coloring matter, and a semiconductor bears the role which receives an<d transmits this 
electron (or electron hole). As for the semiconductor used by this invention, it is desirable that it is 
the n-type semiconductor which gives an anode current by a conductor electron serving as a carrier 
under optical pumping. 

[0075] (1) The compounds (for example, a strontium titanate, titanic-acid calcium, titanic-acid 
sodium, a barium titanate, a niobic-acid potassium, etc.) which have silicon, an element 
semiconductor like germanium, a III-V system compound semiconductor, metaled chalcogenide (for 
example, an oxide, a sulfide, selenides, or those composites etc.), or a perovskite structure as a 
semiconductor semiconductor can be used. 

[0076] As chalcogenide of a desirable metal, the oxide of titanium, tin, zinc, iron, a tungsten, a 
zirconium, a hafnium, strontium, an indium, a cerium, an yttrium, a lanthanum, vanadium, niobium, 
or a tantalum, cadmium, zinc, lead, silver, antimony or the sulfide of a bismuth, cadmium or a leaden 
selenide, the telluride of cadmium, etc. are mentioned. As other compound semiconductors, the 
selenide of phosphides, such as zinc, a gallium, an indium, and cadmium, a gallium arsenide, or a 
copper-indium, the sulfide of a copper-indium, etc. are mentioned. Furthermore, the composite 
expressed with MxOySz or MlxM2yOz (the number [ metallic element ] of combination with which 
an oxygen atom, x, and y and z become as for M, Ml, and M2, and, as for O, a valence becomes 
neutral, respectively) can also be used preferably. 

[0077] The desirable example of the semiconductor used for this invention Si, Ti02, Sn02, Fe 203, 
W03, ZnO, Nb 205, CdS, ZnS and PbS, Bi2S3, CdSe, CdTe, They are SrTi03, GaP, InP, GaAs, 
CuInS2, and CuInSe2 grade. More preferably Ti02, ZnO, Sn02, Fe203, W03, Nb205, CdS, It is 
PbS, CdSe, SrTi03 and InP, GaAs, and CuInS2 and CuInSe2, is Ti02 and Nb 205 especially 
preferably, and is Ti02 most preferably. Ti02 which includes an anatase type crystal 70% or more is 
desirable especially desirable, and Ti02 is Ti02 of 100% anatase type crystal. Moreover, it is the 
purpose which raises the electronic conductivity in these semiconductors, and it is also effective to 
dope a metal. As a metal to dope, divalent and a trivalent metal are desirable. It is the purpose which 
prevents that a reverse current flows from a semiconductor to a charge transporting bed, and it is also 
effective to dope a univalent metal to a semiconductor. 

[0078] Although a single crystal or a polycrystal is sufficient as the semiconductor used for this 
invention, from viewpoints, such as a manufacturing cost, raw-material reservation, and an energy 
pay back time, a polycrystal is desirable and especially the porous membrane that consists of a 
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semiconductor particle is desirable. Moreover, the amorphous portion may be included in part. 
[0079] Although the particle size of a semiconductor particle is generally the order of nm-mu m, as 
for the mean particle diameter of the primary particle which asked for projected area from the 
diameter when converting into a circle, it is desirable that it is 5-200nm, and its 8-100nm is more 
desirable. Moreover, the mean particle diameter of the semiconductor particle in dispersion liquid 
(aggregated particle) has desirable 0.01-30 micrometers. It is lOnm or less preferably [ may mix two 
or more kinds of particles from which a particle size distribution differs, and / that the average size of 
a small particle is 25nm or less in this case ], and more preferably. Particle size is big, for example, it 
is also desirable to mix a semiconductor particle (lOOnm or more and about 300nm) in order to 
scatter an incident light and to raise the rate of optical capture. 

[0080] You may be two or more sorts of mixtures from which the kind of semiconductor particle also 
differs. When mixing and using two or more sorts of semiconductor particles, as for one sort, it is 
desirable that they are Ti02, ZnO, Nb 205, or SrTi03. Moreover, it is desirable that they are Sn02, 
Fe 203, or W03 as one more sort. As a still more desirable combination, combination, such as ZnO, 
Sn02, ZnO and W03, or ZnO, Sn02, W03, can be mentioned. When mixing and using two or more 
sorts of semiconductor particles, each particle size may differ. The particle size of the semiconductor 
particle mentioned especially at the one above-mentioned item is large, and combination with the 
small semiconductor particle mentioned henceforth [ 2 items ] is desirable. The particle of a desirable 
large particle size is lOOnm or more, and the particle of a small particle size is 15nm or less in 
combination. 

[0081] a sol-gel method given [ as a method of producing a semiconductor particle ] in "the thin- 
layer-coating technology by the sol-gel method" (1995) etc. of the company (1998) of the "science of 
sol-gel method" AGUNE ** style of ********, and a technical-information association, and 
"composition of the monodisperse particle by the new synthesis method gel-sol method and size 
gestalt control" of Tadao Sugimoto - wait - ****, the 35th volume, No. 9, and the gel-sol method of 
a 1012-1018 pages (1996) publication Moreover, the method of producing an oxide for the chloride 
which Degussa developed by elevated-temperature hydrolysis in an acid hydrogen salt is also 
desirable. 

[0082] Although each of above-mentioned sol-gel methods, gel-sol methods, and elevated- 
temperature adding- water part solution methods in the inside of the acid hydrogen salt of a chloride is 
desirable when a semiconductor particle is titanium oxide, the sulfuric-acid method and chlorine 
method of a publication can also be further used for "titanium oxide physical-properties and applied- 
technology" Gihodo Shuppan Co., Ltd. (1997) of the Seino study. The method of Barbe's and others 
journal OBU American ceramic society, the 80th volume, No. 12, and a 3157-3171 pages (1997) 
publication and the method of Burnside's and others chemistry OBU MATERIARUZU, the 10th 
volume, No. 9, and a 2419-2425-page publication are also still more desirable as a sol-gel method. 
[0083] (2) The semiconductor particle layer aforementioned semiconductor is used with the gestalt of 
the semiconductor particle layer formed for example, on the aforementioned conductive base 
material. In order to apply a semiconductor particle on a conductive base material, the above- 
mentioned sol-gel method etc. can also be used besides the method of applying the dispersion liquid 
or the colloidal solution of a semiconductor particle on a conductive base material. When mass- 
production-izing of an optoelectric transducer, the physical properties of semiconductor particle 
liquid, the versatility of a conductive base material, etc. are taken into consideration, the wet film 
production method is comparatively advantageous. As the wet film production method, the applying 
method, print processes, an electrolytic-deposition method, and an electrodeposition process are 
typical. Moreover, the SPD method which sprays the metallic-oxide precursor pyrolyzed on the 
method of carrying out vacuum evaporationo by the method (the LPD method) of depositing by the 
liquid phase by the ligand exchange etc., the spatter, etc., CVD, or the warmed substrate from the 
method of oxidizing a metal and a metal solution, and forms a metallic oxide can also be used. 
[0084] In case the method of distributing while grinding using the method and mill which are mashed 
with the mortar other than the above-mentioned sol-gel method as a method of producing the 
dispersion liquid of a semiconductor particle, or a semiconductor is compounded, the method of 
depositing as a particle and using it as it is in a solvent, etc. is mentioned. 
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[0085] As a dispersion medium, water or various kinds of organic solvents (for example, a methanol, 
ethanol, isopropyl alcohol, a citronellol, terpineol, a dichloromethane, an acetone, an acetonitrile, 
ethyl acetate, etc.) are mentioned. You may use polymer like a polyethylene glycol, a hydroxyethyl 
cellulose, and a carboxymethyl cellulose, a surfactant, an acid, or a chelating agent as a distributed 
assistant if needed in the case of distribution. Since the semiconductor layer which regulation of the 
viscosity of dispersion liquid is attained and cannot separate further easily due to changing the 
molecular weight of a polyethylene glycol can be formed or the voidage of a semiconductor layer can 
be controlled, it is desirable to add a polyethylene glycol. 

[0086] As the method of application, the slide hopper method given in application and the wire bar 
methods currently indicated by JP,58-4589,B as that by which metering is made into the same 
portion, such as the air knife method and the blade method, U.S. JP,2681294,B, said 2761419 
numbers, said 2761791 numbers, etc., the extrusion method, the curtain method, etc. are desirable as 
metering systems, such as a roller and the dipping method, as an application system. Moreover, the 
spin method and a spray method are also desirable as a general aviation. As the wet printing method, 
letterpress, offset, and the three major print processes of gravure are begun, and intaglio printing, the 
rubber version, screen-stencil, etc. are desirable. According to liquid viscosity or wet thickness, the 
desirable film production method is chosen from these. 

[0087] The layer of a semiconductor particle can carry out the multilayer application of the dispersion 
liquid of the semiconductor particle from which not only a monolayer but particle size is different, or 
can also carry out the multilayer application of the application layer containing the semiconductor 
particle (or a different binder, a different additive) from which a kind differs. When thickness is 
insufficient, the multilayer application is effective at a one-time application. 
[0088] Since the amount of support coloring matter per unit projected area increases so that 
semiconductor particle layer thickness (it is the same as the thickness of a photosensitive layer) 
generally becomes thick, although the rate of capture of light becomes high, since the generated 
diffusion length of electron increases, the loss by charge reunion also becomes large. Therefore, the 
thickness with a desirable semiconductor particle layer is 0.1-100 micrometers. When using for a 
photoelectric cell, semiconductor particle layer thickness has desirable 1-30 micrometers, and its 2-25 
micrometers are more desirable. The coverage which receives per two lm of base materials of a 
semiconductor particle has 0.5-desirable lOOg, and 3-its 50g are more desirable. 
[0089] Heat-treating is desirable, in order to raise improvement in paint film intensity, and adhesion 
with a base material, while contacting semiconductor particles electronically, after applying a 
semiconductor particle on a conductive base material. The range of desirable heating temperature is 
40 degrees C or more 700 degrees C or less, and is 100 degrees C or more 600 degrees C or less more 
preferably. Moreover, heating time is 10 minutes - about 10 hours. When using the low base material 
of the melting point or softening temperature like a polymer film, high temperature processing is not 
desirable in order to cause degradation of a base material. Moreover, it is desirable that it is low 
temperature (for example, 50-350 degrees C) as much as possible also from the viewpoint of cost. 
Low temperature-ization can also be performed by becoming possible by the small semiconductor 
particle 5nm or less, heat-treatment under existence of a mineral acid and a metallic-oxide precursor, 
etc., and impressing irradiation of ultraviolet rays, infrared radiation, microwave, etc., electric field, 
and an ultrasonic wave. It is desirable to use together for the purpose which removes the unnecessary 
organic substance etc. simultaneously, combining suitably heating besides the above-mentioned 
irradiation or impression, reduced pressure, oxygen plasma treatment, pure water washing, solvent 
cleaning, gas scrubbing, etc. 

[0090] It is the purpose which the surface area of a semiconductor particle is increased, or raises the 
purity near the semiconductor particle after heat-treatment, and raises the electron-injection efficiency 
from coloring matter to a semiconductor particle, for example, chemical-plating processing using 
titanium-tetrachloride solution and electrochemical plating processing using titanium-trichloride 
solution may be performed. Moreover, it is the purpose which prevents that a reverse current flows 
from a semiconductor particle to a charge transporting bed, and it is effective to also make the low 
organic substance of electronic conductivity other than coloring matter stick to a particle front face. 
The object which has a hydrophobic radical as the organic substance made to adsorb is desirable. 
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[0091] As for a semiconductor particle layer, it is desirable to have a large surface area so that much 
coloring matter can be adsorbed. As for the surface area in the state where the layer of a 
semiconductor particle was applied on the base material, it is desirable that they are 10 or more times 
to projected area, and it is desirable that they are further 100 or more times. Although especially a 
limit does not have this upper limit, they are usually about 1000 times. 
[0092] (3) If it is the compound which can carry out sensitization of the semiconductor, the 
sensitizing dye used for a coloring matter photosensitive layer has absorption in a visible region or a 
near-infrared region, and can use it for arbitration, and organometallic complex coloring matter, 
methine coloring matter, porphyrin system coloring matter, and its phthalocyanine system coloring 
matter are desirable. Moreover, since the wavelength region of photo electric translation is made 
large as much as possible and a conversion efficiency is gathered, two or more kinds of coloring 
matter can be used together or mixed. In this case, the coloring matter used together or mixed and its 
rate can be chosen so that it may double with the target wavelength region and intensity distribution 
of the light source. 

[0093] As for such coloring matter, it is desirable to have the suitable joint machine (interlocking 
group) which has the adsorption capacity force to the front face of a semiconductor particle. The 
chelation machine which has pi conductivity like a COOH basis, OH basis, S03H set, -P(O) (OH)2 
set and an acidic group like -OP(O) (OH)2 set or an oxime, dioxime, a hydroxyquinoline, salicylate, 
or alpha-KETOENO rate as a desirable joint machine is mentioned. A COOH basis, -P(0) (OH)2 set, 
and especially -OP(O) (OH)2 set are desirable especially. These bases may form alkali metal etc. and 
the salt, and may form the inner salt. Moreover, when it contains an acidic group like [ in case a 
methine chain forms a squarylium ring and a crocodile NIUMU ring ] in the case of poly methine 
coloring matter, you may have this portion as a joint machine. 

[0094] Hereafter, the desirable sensitizing dye used for a photosensitive layer is explained concretely. 

(a) When organometallic complex coloring matter coloring matter is metal complex coloring matter, 
metal phthalocyanine dye, metalloporphyrin coloring matter, and ruthenium complex coloring matter 
are desirable, and especially ruthenium complex coloring matter is desirable, as ruthenium complex 
coloring matter - for example, U.S. JP,4927721,B - said - No. 4684537 - said - No. 5084365 - 
said - No. 5350644 — said — No. 5463057— said — the complex coloring matter of a publication is 
mentioned to each official report, such as each specification, such as No. 5525440, and JP,7- 
249790,A, ****** No 504512 [ ten to ], the world patent 98/No. 50393, and JP,2000-26487,A 
[0095] When the aforementioned coloring matter is furthermore ruthenium complex coloring matter, 
the ruthenium complex coloring matter expressed with the following general formula (TV) is 
desirable. 

General formula (TV) 

(Al) Al expresses the ligand of 1 or 2 seats among the tRu(B-a) u(B-b) v(B-c) w aforementioned 
general formula (TV). As for Al, it is desirable that it is the ligand chosen from the group which 
consists of a derivative of CI, SCN, H20, Br, I, CN and NCO, SeCN, alpha-diketones, oxalic acid, 
and a dithiocarbamic acid. When t is two or more, even if two or more Al is the same, it may differ. 
B-a, B-b, and B-c express the ligand independently expressed with the following formula (B-l) - (B- 
10) either, respectively among the aforementioned general formula (IV). t expresses the integer of 
either 0-3, and u, v, and w are together put suitably according to the kind of ligand so that the 
ruthenium complex which expresses 0 or 1 respectively and is expressed with the aforementioned 
general formula (TV) may turn into six coordinated complexes. 
[0096] 

[Formula 12] 
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B-1 ft-2 




B-9 B-10 

[0097] Among aforementioned formula (B-1) - (B-10), Ra expresses a hydrogen atom or a substituent 
and the aryl group which is not replaced [ the substitution of the aralkyl machine which is not 
replaced / the substitution of the alkyl group which is not replaced / the substitution of a halogen 
atom and the carbon atomic numbers 1-12 or / and the carbon atomic numbers 7-12 or / and the 
carbon atomic numbers 6-12 or ], an acidic group (these acidic groups may form the salt), or a 
chelation machine is mentioned as The shape of a straight chain and the letter of branching are 
sufficient as the alkyl portions of an alkyl group and an aralkyl machine. Moreover, a monocycle or a 
polycyclic (the condensed ring, ring set) is sufficient as the aryl portions of the aforementioned aryl 
group and an aralkyl machine. Among the aforementioned general formula (IV), even if B-a, B-b, and 
B-c are the same, they may differ. 

[0098] Although the desirable example (instantiation compound R-l-17) of organometallic complex 
coloring matter is shown below, the coloring matter used for this invention is not limited to the 
following examples. 
[0099] 

[Formula 13] 

CA^RuCB-aHB-bKB-c) 
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[0100] 

[Formula 14] 




[0101] (b) The desirable methine coloring matter used for a methine coloring matter this invention is 
poly methine coloring matter, such as a cyanine dye, merocyanine coloring matter, and 
SUKUWARIRIUMU coloring matter. As poly methine coloring matter preferably used by this 
invention, the coloring matter of a publication is mentioned in each specification of JP,11-35836,A, 
JP,11-67285,A, JP,11-86916,A, JP,11-97725,A, JP,11-158395,A, JP,1 1-163378, A, JP,11-214730,A, 
JP,11-214731,A, JP,11-238905,A, JP,2000-26487,A, the Europe patent No. 892411, said 911841 
numbers, and said 991092 numbers, for example. The example of desirable methine coloring matter 
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[0102] 

[Formula 15] 
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[0104] (4) In order to make coloring matter stick to the adsorption semiconductor particle of the 
coloring matter to a semiconductor particle, the method which is immersed in the conductive base 
material which has the semiconductor particle layer dried well in the solution of coloring matter, or 
applies the solution of coloring matter to a semiconductor particle layer can be used. In the case of the 
former, dip coating, the dipping method, a roller, the air knife method, etc. are usable. In the case of 
dip coating, adsorption of coloring matter may be performed at a room temperature, and you may 
perform it by carrying out heating reflux as indicated by JP,7-249790,A. Moreover, as the latter 
method of application, there are the wire bar method, the slide hopper method, the extrusion method, 
the curtain method, the spin method, a spray method, etc. one desirable as a solvent which dissolves 
coloring matter - for example, alcohols (a methanol -) nitril (an acetonitrile --), such as ethanol, t- 
butanol, and benzyl alcohol Nitromethanes, such as a propionitrile and 3-methoxy propionitrile, a 
halogenated hydrocarbon (a dichloromethane, a dichloroethane, and chloroform --) Ether, such as a 
chlorobenzene (diethylether, tetrahydrofuran, etc.), dimethyl sulfoxide and amides (N.N- 
dimethylformamide ~) N-methyl pyrrolidones, such as N and N-dimethyl acetamido, 1, 3-dimethyl 
imidazolidinone, 3-methyl oxazolidinone and ester (ethyl acetate, butyl acetate, etc.) Carbonates 
(diethyl carbonate, an ethylene carbonate, propylene carbonate, etc.), ketones, hydrocarbons (an 
acetone, 2-butanone, cyclohexanone, etc.) (Korean geisha, the petroleum ether, benzene, toluene, 
etc.), and these mixed solvents are mentioned. 

[0105] All the amounts of adsorption of coloring matter have desirable per [ a unit surface area 
(lm2) / 0.01 ] - lOOmmol of a porosity semiconductor-electrode substrate. Moreover, as for the 
amount of adsorption to the semiconductor particle of coloring matter, it is desirable that it is the 
range per [ 0.01 ] lg of semiconductor particles - of lmmol. The sensitization effect in a 
semiconductor is fully acquired by considering as the coloring matter amount of adsorption of the 
aforementioned range. On the other hand, if there is too little coloring matter, the sensitization effect 
will become inadequate, and if there is too much coloring matter, the coloring matter which has not 
adhered to a semiconductor will float, and it becomes the cause of reducing the sensitization effect. In 
order to increase the amount of adsorption of coloring matter, heat-treating before adsorption is 
desirable. After heat-treatment, in order to avoid that water sticks to a semiconductor particle front 
face, it is desirable to perform adsorption operation of coloring matter quickly [ while the temperature 
of a semiconductor-electrode substrate is 60-150 degrees C ], without returning to ordinary 
temperature. Moreover, for the purpose which reduces interactions, such as condensation between 
coloring matter, a colorless compound may be added to coloring matter and a coadsorption may be 
carried out to a semiconductor particle. The sulfonates like a steroid compound (for example, 
chenodeoxycholic acid) or the following example which the effective compound for this purpose is a 
compound with a surface activity property and structure, for example, have a carboxyl group are 
mentioned. 
[0106] 

[Formula 17] 

t^H 17 --^H^OCH 2 CH 2 ^-S03Na 

[0107] As for non-adsorbed coloring matter, it is desirable that washing removes promptly after 
adsorption. It is desirable to use a wet washing tub and to wash by organic solvent like polar solvents, 
such as an acetonitrile, and an alcohols solvent. After adsorbing coloring matter, amines and the 4th 
class salt may be used and the front face of a semiconductor particle may be processed. As desirable 
amines, a pyridine, a 4-t-butyl pyridine, a polyvinyl pyridine, etc. are mentioned, and 
tetrabutylammonium iodide, tetrapod hexyl ammonium iodide, etc. are mentioned as the desirable 4th 
class salt. When these are liquids, it may use as it is, and you may dissolve and use for an organic 
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[0108] (C) A charge transporting-bed charge transporting bed is a layer containing the charge 
transportation material which has the function to supplement the oxidant of coloring matter with an 
electron, the solution (electrolytic solution) which the ion of a redox couple dissolved as a (i) ion- 
transport material as an example of a typical charge transportation material which can be used for this 
charge transporting bed, the so-called gel electrolyte which sank the solution of a redox couple into 
the gel of a polymer matrix, and the quality of molten salt electrolysis containing a oxidation 
reduction counter ion — a solid electrolyte is mentioned further Moreover, carrier movement in the 
(ii) solid-state can also use electronic transportation material and electron hole (hole) transportation 
material as a charge transportation material [ other than the charge transportation material with which 
ion is concerned ]. In this invention, although the electrolyte constituent of this invention is used for 
this charge transporting bed, the above-mentioned charge transportation material other than this can 
also be used together. 

[0109] (1) Two kinds of methods can be considered about the formation method of the formation 
charge transporting bed of a charge transporting bed. One is the method of sticking a counter 
electrode previously on a photosensitive layer, and putting a liquefied charge transporting bed 
between the gap. Another is the method of giving a charge transporting bed directly on a 
photosensitive layer, and a counter electrode will be given after that. 

[01 10] In the case of the former, the ordinary-pressure process which uses the capillarity by being 
immersed etc. as how to put a charge transporting bed, or the vacuum process which makes it a low 
pressure and replaces the gaseous phase of a gap by the liquid phase from an ordinary pressure can be 
used. 

[0111] In the case of the latter, in a wet charge transporting bed, a counter electrode will be given 
with not drying, and the liquid disclosure prevention measure of the edge section will be taken. 
Moreover, in the case of a gel electrolyte, there is a method of applying with wet and solidifying by 
methods, such as a polymerization, and a counter electrode can also be given after drying and fixing 
in that case. As a method of giving wet organic electron hole transportation material besides the 
electrolytic solution, and a gel electrolyte, the same method as grant of the above-mentioned 
semiconductor particle layer or coloring matter can be used. 

[0112] (D) Like the aforementioned conductive base material, the monolayer structure of a counter 
electrode conductive layer which consists of a conductive material is sufficient as a counter electrode 
counter electrode, and it may consist of a counter electrode conductive layer and a support substrate. 
As electric conduction material used for a counter electrode conductive layer, a metal, carbon (for 
example, platinum, gold, silver, copper, aluminum, magnesium, an indium, etc.), or conductive 
metallic oxides (an indium-tin multiple oxide, fluorine dope tin oxide, etc.) are mentioned. Also in 
this, platinum, gold, silver, copper, aluminum, and magnesium can be preferably used as a counter 
electrode conductive layer. The example of the desirable support substrate of a counter electrode is 
glass or plastics, and the vacuum evaporationo of it is applied or carried out, and it uses the above- 
mentioned electric conduction agent for this. Although especially the thickness of a counter electrode 
conductive layer is not restricted, 3nm - 10 micrometers are desirable. The surface electrical 
resistance of a counter electrode conductive layer is as good as a low. As a range of desirable surface 
electrical resistance, it is below 50ohms / **, and they are below 20ohms / ** still more preferably. 
[01 13] Since light may be irradiated from both a conductive base material, and both [ either or ], in 
order for light to reach a photosensitive layer, it is good if at least one side of a conductive base 
material and a counter electrode is substantially transparent. It is desirable to make a conductive base 
material transparent from a viewpoint of improvement in a generating efficiency, and to carry out 
incidence of the light from a conductive base material side. In this case, as for a counter electrode, it 
is desirable to have the property to reflect light. As such a counter electrode, the glass which 
deposited the metal or the conductive oxide, plastics, or a metal thin film can be used. 
[0114] A counter electrode should just stick the application, plating, or counter electrode conductive- 
layer side of the substrate which carries out vacuum evaporationo (PVD, CVD), or has a counter 
electrode conductive layer for direct electric conduction material on a charge transporting bed. 
Moreover, as well as the case of a conductive base material when especially a counter electrode is 
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transparent, it is aesiraoie to use a metai ieaa in oraer to lower resistance 01 a counter eiectroae. in 
addition, the fall of the desirable quality of the material of a metal lead and the desirable installation 
method, and the amount of incident lights by metal lead installation etc. is the same as the case of a 
conductive base material. 

[0115] (E) In order to prevent other layer counter electrodes and the short circuit of a conductive base 
material, it is desirable to paint the thin film layer of a precise semiconductor as an under coat 
between a conductive base material and a photosensitive layer beforehand, and it is effective 
especially when using electronic transportation material and electron hole transportation material for 
a charge transporting bed. Ti02, Sn02, Fe 203, and W03, ZnO and Nb 205 are desirable as an 
under coat, and it is Ti02 still more preferably. An under coat can be painted by the spatter besides 
the spray pyrolysis method indicated by Electrochim.Acta 40,643-652 (1995) etc. The desirable 
thickness of an under coat is 5-1000nm, and its 10-500nm is still more desirable. 
[0116] Moreover, you may prepare functional layers, such as a protective layer and an acid-resisting 
layer, between one side of the conductive base material which acts as an electrode, and a counter 
electrode or both outside front faces, a conductive layer, and substrates, or in the middle of a 
substrate. According to the quality of the material, the applying method, a vacuum deposition, the 
sticking method, etc. can be used for formation of these functional layers. 

[01 17] In order to prevent said degradation of each structure and vaporization of contents, as for the 
photoelectrochemical cell of this invention, it is desirable to seal the side with polymer, adhesives, 
etc. 

[0118] The photoelectrochemical cell of this invention is the same composition as the 
aforementioned optoelectric transducer fundamentally, it connects the aforementioned optoelectric 
transducer to an external circuit through lead wire etc., and it constitutes it so that it may be made to 
work in an external circuit. The external circuit itself connected to the aforementioned conductive 
base material and the aforementioned counter electrode through lead wire etc. can use a well-known 
thing. Moreover, the photoelectrochemical cell of this invention can take the same module structure 
as fundamentally as the conventional solar cell module. Although the structure of a cell being 
constituted on support substrates, such as a metal and a ceramic, and the aforementioned solar cell 
module covering a it top with a restoration resin, cover glass, etc. generally, and incorporating light 
from the opposite side of a support substrate is taken, it is also possible to consider as the structure of 
using transparent materials, such as tempered glass, for a support substrate, constituting a cell on it, 
and incorporating light from the transparent support substrate side. The substrate one apparatus 
module structure specifically used with the module structure called a super straight type, a substrate 
type, and potting type, an amorphous-silicon solar cell, etc. is known, and the photoelectrochemical 
cell of this invention can also choose such module structures suitably according to the purpose of use, 
: a service space, and environment. Specifically, it is desirable to apply the structure and the mode of a 
publication to JP,2000-268892,A. 

[01 19] The non-water rechargeable battery of this invention which used the electrolyte constituent of 
this invention below for the [non-water rechargeable battery] is explained. The non-water 
rechargeable battery of this invention is characterized by including the electrolyte constituent of this 
invention. The non-water rechargeable battery of this invention shows the outstanding cycle nature, 
without reducing capacity greatly, since the electrolyte constituent of this invention is contained. 
[0120] Although the transition-metals oxide which can insert and emit a lithium ion in reversible is 
sufficient as a positive active material when using the electrolyte constituent of this invention for a 
non-water rechargeable battery, a lithium content transition-metals oxide is especially desirable. As a 
desirable lithium content transition-metals oxide positive active material used by this invention, an 
oxide including the lithium content Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Mo, and W is mentioned. 
Moreover, you may mix alkali metal other than a lithium (element of the 1st (I A) group of a periodic 
table, and the 2nd (HA) group), aluminum, Ga, In, germanium, Sn, Pb, Sb, Bi, Si, P, B, etc. 0-30- 
mol% of the amount of mixtures is desirable to transition metals. 

[0121] It is more desirable to mix and compound so that the mole ratio of the sum total of a lithium 
compound / transition-metals compound (at least one sort chosen from Ti, V, Cr, Mn, Fe, Co, nickel, 
Mo, and W with transition metals here) may be set to 0.3-2.2 as a desirable lithium content transition- 
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metais oxiae posmve acuve material rainer man oeing usea oy tms mvenuon. 

[0122] As an especially desirable lithium content transition-metals oxide positive active material with 
which it is used by this invention, it is desirable to mix and compound so that the mole ratio of the 
sum total of a lithium compound / transition-metals compound (at least one sort chosen from V, Cr, 
Mn, Fe, Co, and nickel with transition metals here) may be set to 0.3-2.2. 

-[0123] Especially the desirable lithium content transition-metals oxide positive active material used 
by this invention LigM 302 (M3 is chosen from Co, nickel, Fe, and Mn - one or more sorts) It is the 
material containing g=0-1.2, or the material which has the Spinel structure expressed with LihM 
4204 (M4 is Mn and h=0-2), and aluminum, Ga, In, germanium, Sn, Pb, Sb, Bi, Si, P, or B may be 
mixed as M3 and M4 in addition to transition metals. 0-30-mol% of the amount of mixtures is 
desirable to transition metals. 

[0124] As most desirable lithium content transition-metals oxide positive active material used by this 
invention, LigCo02, LigNi02, LigMn02, LigCojNi(l-j) 02, and LihMn 204 (it is g=0.02-L2, j= 0.1 
to 0.9, and h=0-2 here) are mentioned. Here, the above-mentioned g value is a value before a charge- 
and-discharge start, and is fluctuated by charge and discharge. 

[0125] Although a positive active material is compoundable by well-known methods, such as the 
method of mixing a lithium compound and a transition-metals compound and calcinating, and a 
solution reaction, especially its calcinating method is desirable. 

[0126] Although especially the average grain size of the positive active material used by this 
invention is not limited, 0.1-50 micrometers is desirable. Although not limited especially as a specific 
surface area, 0.01-50m2/g is desirable at a BET adsorption method. Moreover, as pH of the 
supernatant when melting 5g of positive active materials to 100ml of distilled water, 12 or less [ 7 or 
more ] are desirable. 

[0127] In order to make it a predetermined grain size, the grinder and classifier which were known 
well can be used. For example, a mortar, a ball mill, a vibration ball mill, a vibration mill, a satellite 
ball mill, a planet ball mill, a revolution air current type jet mill, a screen, etc. are used. After washing 
by water, acid solution, alkaline solution, and the organic solvent, you may use the positive active 
material obtained by baking. 

[0128] One of the negative-electrode active materials used by this invention is a carbonaceous 
material in which occlusion discharge of a lithium is possible. Carbonaceous material is a material 
which consists of carbon substantially. For example, the carbonaceous material which calcinated 
various kinds of synthetic resin, such as artificial graphites, such as a petroleum pitch, a natural 
graphite, and a vapor-growth graphite, and a resin of a PAN system, and a furfuryl alcohol resin, can 
be mentioned. Furthermore, various carbon fibers, such as a PAN system carbon fiber, a cellulose 
system carbon fiber, a pitch based carbon fiber, a vapor-growth carbon fiber, a dehydration PVA 
system carbon fiber, a lignin carbon fiber, a vitrified carbon fiber, and an activated carbon fiber, a 
mesophase microsphere, a graphite whisker, a plate-like graphite, etc. can also be mentioned. Such 
carbonaceous material can also be divided into difficulty graphitized-carbon material and a graphite 
system carbon material according to the grade of graphitization. Moreover, as for carbonaceous 
material, it is desirable to have the spacing indicated by JP,62-22066,A, JP,2-6856,A, and the 3- 
45473 official report, density, and the size of a microcrystal. Carbonaceous material does not need to 
be a single material and the graphite which has the mixture of a natural graphite and an artificial 
graphite given in JP,5-90844,A and an enveloping layer given in JP,6-4516,A can also be used for it. 
[0129] As other examples of an usable negative-electrode active material, an oxide and/or 
chalcogenide are mentioned to this invention. Especially an amorphous oxide and/or chalcogenide are 
desirable. It is the object which has the broadcloth dispersion band which has the peak to a 20 to 40 
degrees field with 2theta value with the X-ray diffraction method [ "be / amorphous / it" ] here using 
CuK alpha rays, and you may have a crystalline diffraction line. Among the crystalline diffraction 
lines preferably looked at by 40 degrees or more 70 degrees or less with 2theta value, the strongest 
intensity is 100 or less times of the diffraction line intensity of the peak of the broadcloth dispersion 
band looked at by 20 degrees or more 40 degrees or less with 2theta value, is 5 or less times still more 
preferably, and is not having a crystalline diffraction line preferably especially. 
[0130] In this invention, especially, the amorphous oxide of a semimetal element and/or chalcogenide 
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are aesiraoie, ana ine element 01 ine i^in unts; group or a periodic taoie - 13 ( v±5j groups, 
independent or the oxide which consists of two or more sorts of those combination of aluminum, Ga, 
Si, Sn, germanium, Pb, Sb, and Bi, and chalcogenide are chosen. 

[0131] For example, Ga 203, SiO, GeO, SnO, Sn02, PbO, Pb02 and Pb 203, Pb204, Pb304, 
Sb203, Sb204, Sb205, Bi203, Bi204, SnSi03, GeS, SnS, SnS2, PbS and PbS2, Sb2S3, Sb2S5, 
SnSiS3, etc. are desirable. Moreover, these may be the multiple oxides 2 with a lithium oxide, for 
example, Li2SnO. 

[0132] In the negative-electrode material in this invention, the amorphous oxide consisting mainly of 
Sn, Si, and germanium is still more desirable, and it is desirable that it is the amorphous oxide 
expressed with the following general formula (V) especially. 
General formula (V) 

Ml among a SnMldM2eOf general formula (V) The element more than a kind is expressed with 
being chosen out of aluminum, B, P, and germanium that it is few. The element more than a kind is 
expressed at least. M2 - the [ periodic-table ] - it is chosen out of 1(IA) group element, the 2nd (HA) 
group element, the 3rd (JEA) group element, and a halogen - 0.2 or more numbers [ two or less ] and 
e express 0.2<d+e<2 with or more 0.01 one or less number, and, as for d, f expresses or more 1 six or 
less number. 

[0133] As an amorphous oxide which makes Sn a subject, although the following compound is 
mentioned, for example, this invention is not necessarily limited to these. 
C-l SnSi03C-2 Sn0.8A10.2B0.3P0.2Si0.5O3.6C-3 SnA10.4B0.5Cs0.1P0.5O3.65C-4 
SnA10.4B0.5Mg0.1P0.5O3.7C-5 SnA10.4B0.4Ba0.08P0.4O3.28C-6 
SnA10.4B0.5Ba0.08Mg0.08P0.3O3.26C-7 SnA10.1B0.2Ca0.1P0.1Si0.5O3.1C-8 
SnA10.2B0.4Si0.4O2.7C-9 SnA10.2B0.1Mg0.1P0.1Si0.5O2.6C-10 SnA10.3B0.4P0.2Si0.5O3.55C-l 1 
SnA10.3B0.4P0.5Si0.5O4.3C-12 SnA10.1B0.1P0.3Si0.6O3.25C-13 
SnA10.1B0.1Ba0.2P0.1Si0.6O2.95C-14 SnA10.1B0.1calcium0.2P0.1Si0.6O2.95C-15 
SnA10.4B0.2Mg0.1Si0.6O3.2C-16 SnA10.1B0.3P0.1Si0.5O3.05C-17 SnB0.1K0.5P0.1 S103.65C-18 
SnB0.5F0.1Mg0.1P0.5O3.05[0134] Although any method of the calcinating method and a solution 
method can be used for the amorphous oxide in this invention, and/or a cull scorch night, its 
calcinating method is more desirable. After often mixing the oxide, cull scorch night, or compound of 
the element which corresponds, respectively by the calcinating method, it is desirable to calcinate and 
to obtain an amorphous oxide and/or a cull scorch night. These are already producible by the well- 
known method. 

[0135] The average grain size of the negative-electrode material used for this invention has desirable 
0.1-60 micrometers. In order to make it a predetermined grain size, the grinder and classifier which 
were known well are used. For example, a mortar, a ball mill, a sand mill, a vibration ball mill, a 
satellite ball mill, a planet ball mill, a revolution air current type jet mill, a screen, etc. are used. At 
the time of pulverization, wet grinding which made organic solvents, such as water or a methanol, 
live together can also be performed if needed. It is desirable to perform a classification in order to 
consider as a desired particle size. As the classification method, there is especially no limitation and it 
can use a screen, a pneumatic elutriation machine, etc. if needed. A classification can use dry type 
and wet. 

[0136] In this invention, the metal in which occlusion, the carbon material which can be emitted, a 
lithium and a lithium alloy, and a lithium and an alloy are possible is mentioned in a lithium ion or a 
lithium metal as a negative-electrode material which can be combined and can be used for the 
amorphous oxide negative-electrode material consisting mainly of Sn, Si, and germanium. 
[0137] the electrode used for this invention — the non-proton nature organic solvent else [, such as an 
electric conduction agent, a binder, and a filler, ] is added by the mixture 
[0138] In the constituted cell, if the aforementioned electric conduction agent is an electronic- 
conduction nature material which does not cause a chemical change, it is good anything. Usually, 
conductive material, such as natural graphites (a flaky graphite, a scale-like graphite, earthy graphite, 
etc.), an artificial graphite, carbon black, acetylene black, KETCHBEN black, a carbon fiber, and 
metal powders (copper, nickel, aluminum, silver (JP,63-148554,A), etc.), a metal fiber or a 
polyphenylene derivative (JP,59-20971,A), can be included as one sort or such mixture. Especially 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/4/2003 



Page 26 of 33 

• comoinea use or a graprute ana acetylene oiacK is aesiraoie. me addition nas aesiraDie i - mass 
%, and its 2-30 mass % is especially desirable. In carbon or especially a graphite, 2-15 mass % is 
desirable. 

[01391 this invention — an electrode — the binder for holding a mixture can be used As an example of 
a binder, the polymer which has polysaccharide, thermoplastics, and rubber elasticity is mentioned. 
As a desirable binder, starch, a carboxymethyl cellulose, A cellulose, a diacetyl cellulose, a methyl 
cellulose, a hydroxyethyl cellulose, Hydroxypropylcellulose, alginic-acid Na, a polyacrylic acid, 
Polyacrylic-acid Na, a polyvinyl phenol, a polyvinyl methyl ether, Polyvinyl alcohol, a polyvinyl 
pyrrolidone, a polyacrylonitrile, Water-soluble polymer, such as a polyacrylamide, 
PORIHTOOROKISHI (meta) acrylate, and a styrene-maleic-acid copolymer, Polyvinyl chloride, a 
polytetrafluoroethylene, a polyvinylidene fluoride, A tetrapod FURORO ethylene-hexa FURORO 
propylene copolymer, a vinylidene fluoride-tetrapod FURORO ethylene-hexa FURORO propylene 
copolymer, Polyethylene, polypropylene, an ethylene-propylene-diene terpolymer (EPDM), 
Sulfonation EPDM, a polyvinyl-acetal resin, a methylmetaacrylate, The acrylic-ester (meta) 
copolymer containing acrylic esters (meta), such as 2-ethylhexyl acrylate The polyvinyl ester 
copolymer containing vinyl esters, such as an acrylic-ester-acrylonitrile copolymer and vinyl acetate, 
(Meta) A styrene-butadiene copolymer, an acrylonitrile-butadiene copolymer, A polybutadiene, 
neoprene rubber, a fluororubber, a polyethylene oxide, An emulsion (latex) or suspensions, such as a 
polyester polyurethane resin, a polyether polyurethane resin, a polycarbonate polyurethane resin, 
polyester resin, phenol resin, and an epoxy resin, can be mentioned. The latex of a polyacrylic ester 
system, a carboxymethyl cellulose, polytetrafluoroethylene, and a polyvinylidene fluoride are 
mentioned especially preferably, these binders are independent - or it can mix and use if there are 
few additions of a binder — an electrode — the holding power and cohesive force of a mixture are 
weak If many [ too ], electrode volume will increase and an electrode unit volume or the capacity per 
unit mass will decrease. The addition of a binder has desirable 1-30 mass % at such a reason, and 2 - 
10 mass % is especially desirable. 

[0140] In the constituted cell, the aforementioned filler can be used anything, if it is the fibrous 
material which does not cause a chemical change. Usually, fiber, such as olefin system polymer, such 
as polypropylene and polyethylene, glass, and carbon, is used. Although especially the addition of a 
filler is not limited, 0-30 mass % is desirable. 

[0141] The electrolyte constituent of this invention can be used for safety reservation, using together 
with a separator. The separator used together for safety reservation needs to have the function which 
blockades the above-mentioned crevice above 80 degrees C, raises resistance, and intercepts current, 
and it is desirable that lock out temperature is 90 degrees C or more 180 degrees C or less. 
[0142] The configurations of the hole of a separator are usually a round shape and an ellipse form, a 
size is 0.05-30 micrometers and its 0.1-20 micrometers are desirable. You may be the hole of the 
shape of a rod, or an indeterminate form like [ at the time of furthermore making by the extending 
method and the phase separation method ]. It is 20 - 90%, the ratio, i.e., the porosity, which these 
crevices occupy, and it is desirable. [ 35 - 80% of ] 

[0143] Even if these separators are single material, such as polyethylene and polypropylene, they may 
be two or more sorts of composite-ized material. Especially the thing that carried out the laminating 
of two or more sorts of fine porosity films into which an aperture, porosity, the lock out temperature 
of a hole, etc. were changed especially is desirable. 

[0144] The electronic-conduction object which does not cause a chemical change in the constituted 
cell as a charge collector of positive and a negative electrode is used. As a charge collector of a 
positive electrode, aluminum and an aluminium alloy have the desirable especially desirable thing 
which made the front face of aluminum or stainless steel else [, such as aluminum, stainless steel, 
nickel and titanium, ] process carbon, nickel, titanium, or silver. As a charge collector of a negative 
electrode, copper and a copper alloy have desirable especially desirable copper, stainless steel, nickel, 
and titanium. 

[0145] Although a film sheet-like thing is usually used, what was netted and punched, a lath object, a 
porosity object, a foam, the Plastic solid of a fiber group, etc. can be used for the configuration of a 
charge collector. Although especially thickness is not limited, it is 1-500 micrometers. Moreover, as 
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ior a current collection ooay surrace, it is aiso aesiraoie to attacn irreguianty witn surrace treatment. 
[0146] The configuration of a cell can apply a sheet, an angle, a cylinder, etc. to all. On a charge 
collector, the mixture of a positive active material or negative-electrode material is applied, (coat) 
dried and compressed, and is mainly used. As the method of application, the reverse rolling method, 
the direct rolling method, the blade method, the knife method, the extrusion method, the curtain 
method, the gravure method, the bar method, the dipping method, and the squeeze method can be 
mentioned, for example. The blade method, the knife method, and the extrusion method are desirable 
also in it. As for an application, it is desirable to carry out the speed for 0.1-100m/. Under the present 
circumstances, according to the solution physical properties of a mixture, and a drying property, the 
surface state of a good application layer can be obtained by selecting the above-mentioned method of 
application. The time of one side [ every ] ** or double-sided **** is sufficient as an application. 
[0147] Moreover, continuation, intermittence, or a stripe is sufficient as an application. Although the 
thickness, length, and width of the application layer are decided with the configuration and size of a 
cell, the thickness of the application layer of one side is in the state where it was compressed after 
dry, and its 1-2000 micrometers are desirable. 

[0148] Dryness of an electrode sheet application object and the dehydration method can carry out the 
thing of hot blast, a vacuum, infrared radiation, far infrared rays, an electron ray, and the damp wind 
using independent or the combined method. The range of drying temperature of 80-350 degrees C is 
desirable, and its range which is 100-250 degrees C is especially desirable, moisture content - the 
cell whole — 2000 ppm or less - desirable - a positive electrode - a mixture and a negative electrode 
- it is desirable to make it 500 ppm or less in a mixture or an electrolyte, respectively Although the 
method generally adopted can be used for the method of pressing a sheet, especially its calender 
pressing method is desirable. Although especially press ** is not limited, its 0.2 - 3 t/cm2 is desirable. 
The press speed of the calender pressing method has the amount of desirable 0.1-50m/, and press 
temperature has desirable room temperature -200 degree C. As for the ratio of negative-electrode 
sheet width of face to a positive-electrode sheet, 0.9-1.1 are desirable, and 0.95-especially 1.0 are 
desirable, the content ratio of a positive active material and negative-electrode material - a 
compound kind and a mixture - it changes with prescription 

[0149] After processing it into a sheet-like cell as it is after piling up a positive and negative electrode 
sheet through a separator, or bending, it inserts in a square shape can, and after connecting a sheet 
with a can electrically, the electrolyte constituent of this invention is poured in and a square shape 
cell is formed using an obturation board. Moreover, after inserting in a cylinder-like can after piling 
up and rolling a positive and negative electrode sheet through a separator, and connecting a sheet with 
a can electrically, the electrolyte constituent of this invention is poured in and a cylinder cell is 
formed using an obturation board. At this time, a relief valve can be used as an obturation board. It 
may be equipped with the various safe elements known from the former besides a relief valve. For 
example, a ftise, bimetal, a PTC element, etc. are used as an overcurrent-protection element. 
[0150] Moreover, the method of making a cut in a cell can, the gasket crack method, the obturation 
board crack method, or cutting process with a lead board can be used for everything but a relief valve 
as a cure of an internal pressure rise of a cell can. Moreover, the protection network which built the 
surcharge and the cure against an overdischarge into the battery charger may be made to provide, or 
you may make it connect independently. 

[0151] Moreover, the method which intercepts current by the rise of cell internal pressure can be 
provided as a cure against overcharge. At this time, the compound which raises internal pressure can 
be included in a mixture or an electrolyte, as the example of the compound used in order to raise 
internal pressure - Li2 - carbonates, such as C03, LiHC03, Na2C03, and NaHC03, CaC03, 
MgC03, etc. can be mentioned 

[0152] A metal and an alloy with electrical conductivity can be used for a can or a lead board. For 
example, metals or those alloys, such as iron, nickel, titanium, chromium, molybdenum, copper, and 
aluminum, are used. 

[0153] A well-known method (for example, electric welding of a direct current or an alternating 
current, laser welding, ultrasonic welding) can be used for the welding process of a cap, a can, a 
sheet, and a lead board. The compound and mixture which are known from the former, such as 
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aspnait, can oe usea ror ine sealing compound ror oDiuration. 

[0154] Although especially the use of the non-water rechargeable battery of this invention is not 
limited, when it carries in electronic equipment, for example, A notebook computer, pen input 
personal computer, mobile personal computer, and Electronic Book player, a cellular phone and a 
cordless phon - a cordless handset, a pager, and a handy terminal — Pocket facsimile, a pocket copy, 
a pocket printer, a headphone stereo, A video movie, a liquid crystal television, a handy cleaner, 
portable CD, a mini disc, an electric shaver, a transceiver, an electronic notebook, a calculator, 
memory card, a pocket tape recorder, radio, a backup power supply, memory card, etc. are mentioned. 
In addition, as a noncommercial use, an automobile, electric vehicles, a motor, lighting fitting, a toy, 
a game machine machine, a load conditioner, a clock, a stroboscope, a camera, medical equipment (a 
pacemaker, a hearing-aid, shoulder Japanese fir machine, etc.), etc. are mentioned. Furthermore, it 
can use as the various objects for munitions, and an object for space. Moreover, it is also combinable 
with a solar battery. 
[0155] 

[Example] Hereafter, an example explains this invention concretely. 

- The instantiation compound P-5 was compounded by the synthetic example-following composition 

scheme of the instantiation compound P-5. 

[0156] 

[Formula 18] 

.COOCH, CHaONa^ - • COOCH 3 

H*CC + *P«H«* ~S^T ° 4 COOCH3 



COOCHa 



M-1 



M-2 



OHC-^N 



M-3 



M-4 



0-(CHdal 
M-5 



P-5 



[0157] ** The synthetic dimethyl malonate of intermediate field M-1; after dissolving 58. lg 
(439mmol) in the methanol, adding methanol 28% solution;88ml of a sodium methoxide and 
dropping 1-BUROMO decane 97.2g (439mmol) over 1 hour, it flowed back for 8 hours. Diluted 
hydrochloric acid was filled with reaction mixture, and ethyl acetate extracted after neutralization. 
Vacuum concentration of the extraction solution was carried out after dryness with magnesium 
sulfate, vacuum distillation of the residue was carried out, and M-1 [ 41g (fraction (399Pa (3mmHg) / 
82 degrees C)) ] was obtained. 

[0158] ** The solution which was obtained by the above-mentioned ** and which dissolved M-1 
(41g, 170mmol) in diethylether (50ml) was dropped over 2 hours, having distributed the synthetic 
lithium aluminum hydride (llg, 289mmol) of intermediate field M-2 to 150ml diethylether, and 
stirring at a room temperature. After dropping, after flowing back for 3 hours, diluted hydrochloric 
acid/ice was slowly filled with reaction mixture, and it extracted, after making a solution acid. The 
bottom solvent of reduced pressure was distilled off for the extract after dryness with magnesium 
sulfate, and the oily matter of 31g of rough products was obtained. The rough product was refined in 
silica gel column chromatography, and 14g was obtained as M-2 and colorless oily matter. 
[0159] ** M-2 (13.85g, 64mmol) obtained by the synthetic above of intermediate field M-4 and M-3 

or- c a 1\ j:~*_;u.,*_ j /cr\ i\ t\ ir : : J /i<-*_\ jj_ j 3 
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vp.oog, OHmiuoij were uisinoiueu m loiuene (jumij, rara loiuenesimomc aciu u^gJ Wiis auueu, aiiu 
heating reflux was carried out for 5 hours, distilling off water. The water (100ml) which added 
potassium carbonate (lOg) was filled with reaction mixture, ethyl acetate extracted, and the solvent 
was distilled off under reduced pressure after drying an extract. The residue was recrystallized in the 
acetonitrile, and M-4 of the purpose was considered as the crystal, and was obtained 7g. 
[0160] ** It distributed to the acetonitrile (50ml) and the dimethylacetamide (20ml), and M-4 (5g, 
16.4mmol) and polymer M-5 (3g) which were obtained by the synthetic above of P-5 were made to 
react at 80 degrees C for 10 hours. The solvent was distilled out of reaction mixture at 120 degrees C 
under reduced pressure, and P-5 (7.5g) which has the mesomorphism side chain which is the 
specified substance was obtained. 
[0161] (Example 1) 

- With 15g [ of titanium dioxides ] (Japanese Aerosil Degussa P-25), 45g, lg (Aldrich make, Triton 
X-100), and a diameter of 0.5mm zirconia-beads (Nikkato Corp. make) 30g was put into the vessel 
made from stainless steel of 200ml of content volume which carried out Teflon (registered trademark) 
coating of the manufacture inside of photoelectrochemical-cell-1-1. titanium-dioxide dispersion 
liquid, and it distributed in 1500rpm for 2 hours using the Sand-grinder mill (product made from eye 
MEKKUSU) Zirconia beads were filtered and removed from the distributed object. The mean particle 
diameter of the titanium dioxide in this case was 2.5 micrometers. The particle size at this time is 
measured in the master sizer made from MALVERN. 

[0162] 1-2. The glass rod was used and the above-mentioned dispersion liquid were applied to the 
electric conduction side side of the electrically conductive glass (what carried out cutting processing 
of the Asahi Glass TCO glass-U at the 20mmx20mm size) which coated the tin oxide which doped 
the production fluorine of Ti02 electrode (electrode A) which adsorbed coloring matter. Under the 
present circumstances, the adhesive tape was stretched to the part by the side of an electric 
conduction side (from an edge to 3mm), and it considered as the spacer, and glass was put in order 
and it applied eight sheets at a time at once so that an adhesive tape might come to ends. After the 
application, it exfoliated and the adhesive tape was air-dried for one day at the room temperature. 
Next, this glass was put into the electric furnace (muffle furnace FP-32 type made from the Yamato 
science), and it calcinated for 30 minutes at 450 degrees C. It flooded with the ethanol solution (3xten 

- four mols/(l.)) of coloring matter R-l for 3 hours, after taking out this glass and cooling. After being 
immersed in a 4-tert-butyl pyridine for 15 minutes, the air drying of the glass which coloring matter 
dyed was washed and carried out by ethanol. Thus, the thickness of the photosensitive layer obtained 
is 10 micrometers, and the coverage of a semiconductor particle was taken as 20 g/m2. In addition, 
the surface electrical resistance of electrically conductive glass was about 30ohm/**. 

[0163] 1-3. The acetonitrile was distilled off, applying the acetonitrile solution (an acetonitrile being 
a constituent and a homogeneous amount) of the electrolyte constituent (E-102 to E-113) containing 
Table 1 therefore the adjusted aforementioned specific liquid crystal compound, or a comparison 
compound to the Ti02 electrode substrate (lcmxlcm) which is the production **** of a 
photoelectrochemical cell, and was made and produced and by which the color sensitizing was 
carried out, and infiltrating it into Ti02 electrode under 60 degrees C and reduced pressure. The 
platinum vacuum evaporationo glass of the same size was laid on top of these electrodes, and the 
photoelectrochemical cell (sample B-102-113) was obtained. Moreover, after laying the electrolytic 
solution (E-101 of Table 1) using the solvent on top of the same Ti02 electrode substrate (2cmx2cm) 
as the above by which coloring matter sensitization was carried out with the platinum vacuum 
evaporationo glass of the same size as the electrode, it infiltrated the electrolytic solution into the 
crevice between both glass using capillarity, and produced the photoelectrochemical cell (sample B- 
101). 

[0164] The photoelectrochemical cell by which the laminating of the platinum layer 6 and glass 7 
which serve as electrically conductive glass 1 (that by which the conductive layer 3 was ****(ed) on 
glass 2), a photosensitive layer 4 (TiO two-layer coloring matter was made to stick to), the electrolyte 
layer 5, and a counter electrode by this example as shown in drawing 2 was carried out to order was 
produced. 
[0165] 
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[0166] 

[Formula 19] 



H 3 C" *V^CH 2 CH 3 H 3 C^ N ^ N -C 4 H r n 

I" 



N(SOjCF^ 2 
RE-1 



RE-2 



OMe 



RE-3 



[0167] 1-4. By letting AM1.5 filter (product made from Oriel), and a sharp cut filter (KenkoL-41) 
pass for the light of the xenon lamp of measurement 500W of a photoelectric conversion efficiency 
(USHIO make), the simulation sunlight which does not include ultraviolet rays was generated and 
this luminous intensity was adjusted to 100 mW/cm2. 

[0168] The electrical and electric equipment which connected the crocodile clip, respectively, 
irradiated simulation sunlight at 70 degrees C, and was generated on the above-mentioned electrically 
conductive glass and above-mentioned platinum vacuum evaporationo glass of a 
photoelectrochemical cell was measured in the current-potential measuring device (case rhe SMU238 
type), the open circuit voltage (Voc) of the photoelectrochemical cell called for by this, short-circuit 
current density (Jsc), and a form factor - (FF) [= maximum output/(open-circuit- voltage x short- 
circuit current)] and a conversion efficiency (eta), and constant temperature — the decreasing rate of 
the short-circuit current density after carrying out the passage of time for 400 hours was collectively 
indicated to Table 2 under constant humidity (60 degrees C, 70%R.H.) 
[0169] 
[Table 2] 
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[0170] From the above-mentioned result, since a solvent volatilizes, the photoelectrochemical cell 
(B-101) using the solvent as the electrolytic solution is understood that endurance is very bad. 
Moreover, by passing, although the cell (B-104) using polysiloxane RE-3 which do not have fused 
salt RE-1, the cell (B-102, B-103) using RE-2, and mesomoiphism substituent of a comparison 
compound is small, it understands that a photo-electric-translation performance is not enough for 
degradation in the time. The photoelectrochemical cell using the electrolyte constituent containing the 
aforementioned specific liquid crystal compound is excellent in initial performances, such as short- 
circuit current density and a conversion efficiency, and endurance to them. Such an effect was seen 
when which coloring matter was used. 
[0171] (Example 2) 

- As a Production Positive Active Material of Lithium Rechargeable Battery-2-1. Positive-Electrode 
Sheet LiCo02 43 weight sections, the scale-like graphite 2 weight section, the acetylene black 2 
weight section, Furthermore, add the polyacrylonitrile 3 weight section as a binder, and the slurry 
which kneaded the acrylonitrile 100 weight section as a medium, and was obtained is painted on an 
aluminum foil with a thickness of 20 micrometers using an extrusion formula application machine. 
After pressing with the calender press machine after dryness, the lead board made from aluminum 
was welded to the edge, and the positive-electrode sheet with 95 micrometers [ in thickness ] and a 
width-of-face [ of 54mm ] x length of 49mm was produced. 

[0172] 2-2. as the production negative-electrode active material of a negative-electrode sheet -- a 
meso face pitch system carbon material (PETOKA) - as 43 weight sections and an electric 
conduction agent ~ the acetylene black 2 weight section and the graphite 2 weight section - 
comparatively - coming out - mixing - further - as a binder -- a polyacrylonitrile - 3 weight 
sections - adding - the N-methyl pyrrolidone 100 weight section - as a medium - kneading - a 
negative electrode - a mixture - the slurry was obtained a negative electrode - a mixture — the 
slurry was painted on copper foil with a thickness of 10 micrometers using the extrusion formula 
application machine, it pressed with the calender press machine after dryness, and the negative- 
electrode sheet with 46 micrometers [ in thickness ] and a width-of-face [ of 55mm ] x length of 
50mm was produced After welding the lead board made from nickel to the edge of a negative- 
electrode sheet, it heat-treated at 230 degrees C for 1 hour in dry air of -40 degrees C or less of dew- 
points. Heat treatment was performed using the far-infrared heater. 

[0173] The production negative-electrode sheet of a 2-3. sheet cell and the positive-electrode sheet 
carried out dehydration dryness at 230 degrees C for 30 minutes in dry air of -40 degrees C or less of 
dew-points, respectively. In dry atmosphere, the laminating of the separator (polyethylene porosity 
film) and nonwoven fabric which were judged in a dried [ dehydration ] positive-electrode sheet with 
a width-of-face [ of 54mm ] x length of 49mm and width-of-face [ of 60mm ] x length of 60mm was 
carried out, the liquid which dissolved the electrolyte (E-202-213) of composition adjusted according 
to Table 3 on the nonwoven fabric in the acetonitrile of the amount of said was applied, and the 
acetonitrile was distilled off under reduced pressure at 50 degrees C. Moreover, the electrolytic 
solution (E-201) using the solvent was infiltrated into the nonwoven fabric as it is. The laminating of 
the dried [ dehydration ] negative-electrode sheet with a width-of-face [ of 55mm ] x length of 50mm 
was carried out on it, using the sheathing material which consists of a laminate film of a polyethylene 
(50 micrometers)-polyethylene terephthalate (50 micrometers), heat weld was carried out, four edges 
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were seaiea unaer ine vacuum, ana ine sneet type ceil ^sample ±5-zui-_i^ ) was proaucea. 

[0174] The sheet type cell by which the laminating of the positive-electrode sheet 31 equipped with 

the negative-electrode sheet 33 equipped with the negative-electrode terminal 35, the solid polymer 

electrolyte 32, and the positive-electrode terminal 34 by this example as shown in drawing 3 was 

carried out to order was produced. 

[0175] 

[Table 3] 
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[0176] 2-4. About the sheet type cell produced by the method of the evaluation above of a cell 
performance, charge and discharge were repeated 30 times on condition that current density 1.3 
mA/cm2, charge final-voltage 4.2V, and discharge-final-voltage 2.6V**, and the service capacity in 
30 cycle eye was calculated. This was investigated about five cells of the same prescription, and the 
average was made into the capacity of the cell. Thus, the capacity of each cell was calculated and the 
relative capacitor to a sample B-201 was calculated. Moreover, the service capacity of the 200 cycle 
eye of each cell was calculated, the ratio to the service capacity of 10 cycle eye was calculated, and it 
expressed as a cycle capacity. Each value was shown in Table 4. 
[0177] 
[Table 4] 
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[0178] It turns out that the electrolyte which contains the aforementioned specific liquid crystal 
compound from the above-mentioned result is raising cycle nature, without seeing the big fall of 
capacity. 

[0179] From these examples, the electrolyte which did not volatilize substantially and was excellent 
in using the aforementioned specific liquid crystal compound at charge transportability ability was 
obtained, thereby, it excelled in the photoelectric transfer characteristic and the photoelectrochemical 
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cell with little property degradation by the passage of time was obtained. Furthermore, this electrolyte 
does not reduce cell capacity and it turns out that it is the lithium ion conduction material which was 
moreover excellent in the cycle property. 
[0180] 

[Effect of the Invention] As mentioned above, according to this invention, the electrolyte constituent 
excellent in endurance and ion conductivity can be offered, and the electrochemical cell excellent in 
endurance and the electrical property (photoelectric transfer characteristic) using the electrolyte 
constituent concerned, a non-water rechargeable battery, and a photoelectrochemical cell can be 
offered further. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the electrolyte constituent 
containing a liquid crystal compound, the electrochemical cell using electrolyte ******** especially 
a non-water rechargeable battery, and a photoelectrochemical cell further. 
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PRIOR ART 

[Description of the Prior Art] The electrolyte used for electrochemical cells, such as a non-water 
rechargeable battery and a coloring matter sensitization solar battery, is a medium which has the 
function (it is called ionic conduction) to convey the ion to inter-electrode, including the carrier ion 
according to the purpose. For example, in the lithium secondary battery which is the representation of 
a non-water rechargeable battery, transportation of a lithium ion does the influence for the 
performance of an electrochemical cell with the big conductivity of iodine ion and iodine trimer ion 
in a coloring matter sensitization solar battery. In these cells, generally, although the solvent system 
with high ion conductivity was used abundantly as an electrolyte, there was a problem of an 
exhaustion of the solvent at the time of including in a cell and leakage reducing the endurance of a 
cell. Moreover, in order to seal a solution in a hthium secondary battery and to have to use a metal 
vessel, it was difficult for cell mass to become heavy and to also give flexibility to a cell 
configuration. In order to conquer the fault of such a solution system electrolyte, various electrolytes 
are proposed in recent years. The so-called gel electrolyte (JP,61-23945,B public relations, JP,61- 
239473 public relations) which made the solution electrolyte permeate a polymer matrix has not 
inhibited volatilization of a solvent completely, although the fall of the ionic conductivity to a 
solution system electrolyte does not drop a cell performance small. Moreover, although the polymer 
electrolyte (-2184 or KMurata, Electtochimica Acta, Vol.40, No.13-14, and p2177 1995) which 
dissolved the salt in polymer, such as a polyethylene oxide, is expected as what solves the problem of 
a solution system electrolyte, ionic conductivity's is not yet enough. On the other hand, although an 
opposite anion is room temperature fused salt with imidazolium salts and pyridinium salts liquefied at 
a room temperature, such as BF4- and 2 (CF3S02)N-, and it is proposed as an electrolyte for lithium 
ion batteries, an electrolytic mechanical strength and ion conductivity conflict, and when own 
viscosity of fused salt was raised, or it is the means of making polymer contain etc. and a mechanical 
strength is strengthened, the fall of ionic conductivity is seen. Furthermore, ion conductivity 
temperature dependence was large and the above electrolytes of especially the ion conductivity in low 
temperature were inadequate. 

[0003] By the way, although compound solar batteries, such as a single-crystal-silicon solar battery, a 
polycrystal silicon solar cell, an amorphous-silicon solar cell, a cadmium telluride, and selenium-ized 
indium copper, are set as the object of utilization or research and development, the photovoltaics 
which transform a light energy into electrical energy need to conquer troubles, such as reservation of 
a manufacturing cost and raw material, and the length of an energy pay back time, when making it 
spread. On the other hand, although many solar batteries using the organic material which pointed to 
large-area-izing or low-pricing were also proposed until now, the conversion efficiency was low and 
there was a problem that endurance was also bad. 

[0004] In such a situation, the technology of a photoelectrochemical cell using the optoelectric 
transducer (it abbreviates to a coloring matter sensitization optoelectric transducer henceforth) using 
the oxide semiconductor by which sensitization was carried out to Nature (the 353rd volume, the 
737-740th page, 1991), U.S. JP,4927721,B, etc. with coloring matter, and this was indicated. This 
cell consists of the optoelectric transducer, charge transfer layer, and counter electrode which 
function as a negative electrode. An optoelectric transducer consists of a conductive base material 
and a photosensitive layer, and a photosensitive layer contains the semiconductor with which coloring 
matter stuck to the front face. A charge transfer layer consists of a oxidation reduction object, and 
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bears charge transportation between a negative electrode and a counter electrode (positive electrode). 
In the photoelectrochemical cell proposed by the above-mentioned patent, the solution (electrolytic 
solution) which uses salts, such as potassium iodide, as an electrolyte as a charge transfer layer was 
used. This method was cheap and it was a problem for a photoelectric conversion efficiency not to 
fall remarkably by evapotranspiration of the electrolytic solution and exhaustion, if it is used over a 
long period of time, although it is promising, or to stop functioning as a cell in that a comparatively 
high energy conversion efficiency (photoelectric conversion efficiency) is obtained. 
[0005] The method of using as an electrolyte the imidazolium salt which is a low melting point 
compound as the exhaustion prevention method of the electrolytic solution at WO 95/No. 18456 is 
indicated to this problem. Since according to this method water and the organic solvent which were 
used as an electrolytic solvent were unnecessary or little and ended conventionally, although the 
improvement of endurance was found, still, when endurance is inadequate and the imidazolium salt 
was made into high concentration, while viscosity became high, charge transportation ability fell, and 
there was a problem that a photoelectric conversion efficiency became low. Furthermore, there is the 
method of using a thoria ZORIUMU salt as an electrolyte, and the same problem as an imidazolium 
salt arises also in this method. 

[0006] As mentioned above, it is a very difficult technical problem that it is compatible in a 
mechanical strength and ion conductivity as an electrolyte of electrochemical cells, such as a lithium 
ion rechargeable battery and a solar battery. 

[0007] As one method of solving these, making an electrolyte constituent contain a: mesomorphism 
compound is proposed. The part which has the coordination ability to ion, such as an alkyleneoxy 
machine, as these examples, and the compound which has a meso gene machine (JP,11-86629,A), 
The compound (JP,4-323260,A) with which the meso gene machine was introduced into the 
polyethylene-oxide chain, the compound (JP,1 1-116792,A) which has a mesomorphism part in the 
side chain of a polyethylene oxide, the compound (JP,6-19923,B) with which the meso gene machine 
was introduced into the side chain of a polysiloxane through the oligo oxyethylene spacer are shown. 
These consist of a motile flexible high part which dissolves an electrolyte salt and conducts ion by 
carrying out complexing to a cation, and an upright part (meso gene machine) for carrying out 
molecular association, in order to maintain a mechanical strength. 

[0008] By the way, in order for an electrolyte to function efficiently in an electrochemical cell from 
Shigehara's and others latest research (Journal of Power Source, 92 volumes, 120 - 123 pages, 2001), 
it turns out besides ionic conductivity being high that it conducts more nearly alternatively [ carrier 
ion ], i.e., it is a performance overlay important point that the carrier ion transference number is high. 
For example, in a lithium ion battery, it is desirable for the iodine anion transference number to be 
high in the coloring matter sensitization solar battery from which the lithium ion transference 
number's being high and an iodine anion serve as a carrier. In the mesomorphism compound 
mentioned above, the strong basis of cations, such as a polyalkylene oxide, and an interaction 
restricted the cation, and has caused decline in the cation transference number. Moreover, since 
molecular-motion nature falls, the improvement in the ionic conductivity itself is not expectable with 
complexing with a cation, either. 

[0009] The oligo oxyethylene part which the polysiloxane by which alkylation was carried out to the 
electrolyte constituent which introduced the meso gene machine into the side chain of the 
polysiloxane which shows **** and is indicated by Japanese Patent Publication No. [ like ] No. 
19923 [ six to ] on the other hand is illustrated, and, as for this electrolyte constituent, restricts a 
cation strongly serves as a medium of ionic conduction, and is the expectable [ the high cation 
transference number ] present condition. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As mentioned above, according to this invention, the electrolyte constituent 
excellent in endurance and ion conductivity can be offered, and the electrochemical cell excellent in 
endurance and the electrical property (photoelectric transfer characteristic) using the electrolyte 
constituent concerned, a non-water rechargeable battery, and a photoelectrochemical cell can be 
offered further. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] this invention solves many problems in the 
aforementioned former, and makes it a technical problem to attain the following purposes. That is, 
the first purpose of this invention is offering the electrolyte constituent excellent in endurance and ion 
conductivity. Furthermore, the second purpose of this invention is offering the electrochemical cell 
excellent in endurance and the electrical property (photoelectric transfer characteristic) which used 
the electrolyte constituent concerned, a non-water rechargeable battery, and a photoelectrochemical 
cell. 
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MEANS 

[Means for Solving the Problem] The above-mentioned technical problem is solved by the following 
meanses. That is, this invention is an electrolyte constituent containing the liquid crystal compound 
which repeats the polysiloxane structure shown by the <1> following general formula (I), and it has 
as a unit. 
[0012] 
[Formula 2] 




HRSC ( I ) 



[0013] R expresses an alkyl group among [general formula (I), and L expresses single bond or a 
divalent connection machine. A expresses a mesomorphism substituent. However, a mesomorphism 
substituent may have an ionicity basis and a mesomorphism substituent contains the counter ion in 
that case.] 

[0014] The electrolyte constituent of the aforementioned <1> publication characterized by the 
mesomorphism substituent which A in the <2> aforementioned general formula (I) expresses being 
the salt which consists of an anion part containing a meso gene machine, and a cation part which 
consists of the opposite cation. 

An electrolyte constituent given in the above <2> whose <3> aforementioned pairs cation is 
characterized by being alkali-metal ion. 

The electrolyte constituent of the aforementioned <1> publication characterized by the 
mesomorphism substituent which A in the <4> aforementioned general formula (I) expresses being 
the salt which consists of a cation part containing a meso gene machine, and an anion part which 
consists of the opposite anion. 

An electrolyte constituent given in the above <4> characterized by being chosen from the group 
which the <5> aforementioned pairs anion becomes from an iodine anion, a sulfonamide and disulfon 
imide, N-acyl sulfonamide, a carboxylic acid, a sulfonic acid, alcohol, an activity methylene, and the 
anion that activity methine dissociated. 

The electrolyte constituent given [ aforementioned ] in <1>- <5> characterized by the <6> 
aforementioned liquid crystal compound being a polymer-liquid-crystal compound obtained by 
carrying out a polymerization. 

[0015] The electrochemical cell characterized by including the electrolyte constituent of a publication 
in either of <7> aforementioned <1>- <6>. 

The charge transporting bed containing an electrolyte constituent given in either of aforementioned 
<1>- <6> on <8> conductivity base material, the photosensitive layer containing the semiconductor 
by which sensitization was carried out with coloring matter, and the photoelectrochemical cell 
characterized by having a counter electrode. 

The non- water rechargeable battery characterized by including the electrolyte constituent of a 

publication in either of <9> aforementioned <1>- <6>. 

[0016] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. The electrolyte 
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constituent of this invention comes to contain the liquid crystal compound which repeats the 
polysiloxane structure shown by the following general formula (I), and it has as a unit. 
[0017] As shown in the following general formula (I), this specific liquid crystal compound repeats 
the polysiloxane structure by which alkoxy substitution was carried out, and has it as a unit. This 
polysiloxane structure by which alkoxy substitution was carried out has high maneuverability, and 
since it can dissolve an electrolyte salt, without restricting a cation strongly, it can realize the cation 
transference number and ion conductivity higher than an oxyethylene machine. Thus, the 
polysiloxane structure by which alkoxy substitution was carried out serves as a medium which 
dissolves an electrolyte salt according to the principal chain, and conducts ion, it is one side, and the 
part with the upright side chain (mesomorphism substituent) brings about the macroscopic 
mechanical strength of an electrolyte constituent, without carrying out molecular association, and an 
ionic conduction medium's forming the structure base material which carried out phase separation 
micro, and reducing the maneuverability of an ionic conduction medium by mesomorphism. For this 
reason, the electrolyte constituent of this invention containing a specific liquid crystal compound is 
excellent in endurance and charge transportability ability. 
[0018] 
Formula 3] 



—A 
H*» < I ) 

[0019] Carbon atomic numbers (henceforth, more than C) are 1-24 preferably, the inside of a general 
formula (I), and R — alkyl group [ — You may be branched-chain, even if it is 1-10 and is a straight 
chain-like, more - being desirable (more than C) — For example, a methyl, ethyl, a propyl, butyl, i- 
propyl, i-butyl, Pentyl, hexyl, octyl, 2-ethylhexyl, t-octyl, desyl, dodecyl, tetradecyl, 2-hexyl desyl, 
hexadecyl, octadecyl, cyclohexyl methyl, and octyl cyclohexyl] is expressed. Furthermore, R may 
have the substituent. as a desirable substituent Carbon atomic numbers (henceforth, more than C) are 
1-24 preferably, alkyl group [ which may be replaced — You may be branched-chain, even if it is 1-10 
and is a straight chain-like, more ~ being desirable (more than C) — For example, a methyl, ethyl, a 
propyl, butyl, i-propyl, i-butyl, A pentyl, a hexyl, an octyl, 2-ethylhexyl, t-octyl, A desyl, a dodecyl, 
tetradecyl, 2-hexyl desyl, hexadecyl, Octadecyl, cyclohexyl methyl, and octyl cyclohexyl], the aryl 
group (desirable - more than C [ 6-24 ], for example, a phenyl, — ) which may be condensing the ring 
even if it has replaced 4-methylphenyl, 3-cyano phenyl, 2-chlorophenyl, 2-naphthyl, the heterocycle 
machine that may be condensing the ring even if it has replaced (the nitrogen in a ring may form 4 
class at the time of a nitrogen-containing heterocycle machine.) Preferably More than C [ 2-24 ], for 
example, 4-pyridyl, 2-pyridyl, 1 -octyl pyridinium-4-IRU, 2-pyrimidyl, 2-imidazolyl, 2-thiazolyl, and 
alkoxy-group [ - desirable — more than C [ 1-24 ], for example, a methoxy, - Ethoxy ** butoxy, 
octyloxy, methoxyethoxy one, methoxy PENTA (ethyloxy), acryloyl oxyethoxy and pentafluoro 
propoxy] and an acyloxy machine (desirable - more than C [1-24 ], for example, acetyloxy, --) 
benzoyloxy one and an alkoxy carbonyl group (desirable - more than C [ 2-24 ], for example, a 
methoxycarbonyl, — ) Ethoxycarbonyl, a cyano group, a fluoro machine, an alkoxy carbonyl group, a 
cyano group, and polymerization nature machines (preferably a vinyl group, an acryloyl machine, a 
methacryloyl machine, a styryl machine, a cinnamic acid residue, etc,) are mentioned. 
[0020] L expresses single bond or a divalent connection machine among a general formula (I). As an 
example of a divalent connection machine, -(CH2) n- (n shows the integer of 1-15 here), - CH2CH2 
(OCH2CH2) N- (N Shows Integer of 1-10 Here), - CH=CH-, -CH=N-, -N=N-, -N(O) =N-, -COO-, - 
COS-, CONH-, -COCH2-, -CH2NH-, -CO-, - CH=CH-COO-, -CH=CH-CO-, -(C**C)- (N Shows 
Integer of 1-3 Here), Such Combination, Etc. are Desirable. - (CH2) n- (n shows the integer of 3-10 
here), -CH2CH2(OCH2CH2) n- (n shows the integer of 2-8 here), and such combination are still 
more desirable. 

[0021] Although a mesomorphism substituent is expressed, a meso gene machine is mentioned as a 
mesomorphism substituent, for example, the inside of a general formula Q) and A are "Flussige 
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Kristalle in Tabellen II" and Dietrich. Demus and HorstZaschke and the thing of which the 7-18 
(1984). publication is done are mentioned. Especially, what is expressed with the following general 
formula (H) is desirable. 
[0022] 
[Formula 4] 



[0023] Ylll expresses the condensed-ring substituent which consists of a divalent 4 or 7 member 
ring substituent or them among a general formula (H). Q121 and Q131 express a divalent connection 
machine or divalent single bond, respectively, n2 expresses 1, 2, or 3, and when n2 is 2 or 3, even if 
two or more Ylll, Q121, and Q131 are the same respectively, they may differ. 
[0024] Q121 and Q131 express a divalent connection machine or divalent single bond among a 
general formula (H)> respectively. As an example of a divalent connection machine, -CH=CH-, - 
CH=N- -N=N-, - N(0) =N-, -COO-, -COS-, -CONH-, -COCH2-, - CH2CH2-, -OCH2-, -CH2NH-, - 
CH2-, -CO-, - 0-, -S-, -NH-, -(CH2)l-3-, -CH=CH-COO-, - CH=CH-CO-, -(C**C)l-3-, such 
combination, etc. are desirable, and -CH2-, -CO-, -0-, -CH=CH-, -CH=N-, -N=N-, and such 
combination are still more desirable. Moreover, a hydrogen atom may be replaced in these. As for 
Q121 and Q131, it is desirable that it is especially single bond. 

[0025] The inside of a general formula (H), 4, 5, 6 or 7 member ring substituent divalent in Yl 11, 
The condensed-ring substituent which consists of them is expressed, and it is still more desirable that 
they are the saturation of 6 member ring aromatic machine, 4, or 6 member ring or an unsaturation 
aliphatic machine, 5, 6 member ring heterocycle machines, or those condensed rings, or as these 
examples Although the following formula (Y-l) - (Y-27) a substituent are mentioned, it is not limited 
to these. Moreover, you may be such combination. The still more desirable things in these 
substituents are (Y-l), (Y-2), (Y-18), (Y-19), (Y-21), and (Y-22), and especially desirable things are 
(Y-l),(Y-2),and(Y-21). 
[0026]. 

[Formula 5] 




(n) 








(¥-14) 
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<Y-23) (Y-24) (Y-25) (Y-26) 



(Y-27) (Y-2B) 

[0027] A mesomorphism substituent may have an ionicity basis and a mesomorphism substituent 
comes to form the so-called anion part and the so-called cation part, and the salt structure constituted 
in that case including the counter ion. In case a specific liquid crystal compound adjusts an 
electrolyte, it can make carrier ion the counter ion of the liquid crystal compound which is ionicity, 
because this liquid crystal substituent has salt structure. For this reason, since there is no need of 
adding carrier ion in the form of a salt, separately and mobile ion other than carrier ion is not 
contained, the transference number of carrier ion can be raised. In this case, the basis which gives 
mesomorphism as a mesomorphism substituent, for example, a meso gene machine, is contained at 
least in one side of an anion part and a cation part. The basis which gives mesomorphism may not be 
included or organic ion (an organic anion, organic cation) or inorganic ion (an inorganic anion, 
inorganic cation) is sufficient as the anion part or cation part of the direction which has not been 
directly connected with L in a general formula (I). 

[0028] The salt which consists of a salt which consists of an anion part containing a meso gene 
machine and a cation part which consists of the opposite cation as suitable concrete composition of a • 
mesomorphism substituent or a cation part containing a meso gene machine, and an anion part which 
consists of the opposite anion is mentioned. It comes to connect either these anions part and a cation 
part with L in a general formula (I). 

[0029] When a meso gene machine is included in a cation part, structure desirable as the cation part 
(substituent with a positive charge) is a general formula (Ill-a) or (Ill-b) (m-c) structure expressed. As 
for a meso gene machine, at this time, it is desirable to be contained as a substituent of Ryl-Ry5 in 
general formula (Ill-a) - (III-c), or Qyl. Moreover, it is desirable to be contained as the atomic groups 
Ryl-Ry5 which consist of a repeat unit shown by the aforementioned general formula (I), or a 
substituent of Qyl. 
[0030] 
[Formula 6] 



fyi Ry a 



T 



A (in-a) a (m-b) a (m-c) 

[0031] Qyl of a general formula (m-a) expresses the atomic group which can form the aromatic 
cation of 5 or 6 member ring with a nitrogen atom, and Ry 1 expresses the alkenyl machine which is 
not replaced [ the alkyl group which is not replaced / substitution or /, a polymerization nature 
machine, substitution, or ]. 

[0032] Ay 1 of a general formula (m-b) expresses a nitrogen atom or the Lynn atom, and Ry2, Ry3, 
Ry4, and Ry5 express respectively the alkenyl machine which is not replaced [ the alkyl group which 
is not replaced / substitution or /, a polymerization nature machine, substitution, or ] independently. 
However, Ry2, Ry3, Ry4, and Ry5 are not aryl groups simultaneous [ three or more ]. Moreover, two 
or more of Ry2, Ry3, Ry4, and Ry5 may form the un-aromatic ring which connects mutually and 
contains Ayl. 

[0033] Respectively, independently, Ryl, Ry2, Ry3, Ry4, Ry5, and Ry6 of a general formula (III-c) 
may express the alkenyl machine which is not replaced [ the alkyl group which is not replaced / 
substitution or /, a polymerization nature machine substitution, or ], among those two or more may 
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connect them mutually, and they may form a ring structure. 

[0034] A general formula (m-a), (m-b), and (DI-c) the cation expressed may form a polymer through 
Qyl,orRyl~Ry6. 

[0035] The composition atom of the atomic group Qyl which can form the cation of aromatic series 5 
or 6 member rings with nitrogen is preferably chosen from carbon, hydrogen, nitrogen, oxygen, and 
sulfur among a general formula (m-a). 

[0036] As 6 member rings completed by Qyl, it is a pyridine, a pyrimidine, a pyridazine, a pyrazine, 
and triazine preferably, and is a pyridine more preferably. 

[0037] As a aromatic-series 5 member ring completed by Qyl, it is an oxazole, a thiazole, an 
imidazole, a pyrazole, an isoxazole, thiadiazole, an OKISA diazole, and a triazole, and they are an 
oxazole, a thiazole, and an imidazole more preferably. An oxazole and an imidazole are especially 
desirable. 

[0038] A general formula (m-a), and (m-b) (ffl-c) inner Ry 1-inner Ry6 It is the alkyl group (carbon 
atomic numbers (henceforth, more than C) are 1-24 preferably) which is not replaced [ substitution 
or ] independently respectively. Even if it is a straight chain-like, it may be branched-chain, and you 
may be a ring type. For example, a methyl, ethyl, a propyl, butyl, i-propyl, a pentyl, A hexyl, an octyl, 
2-ethylhexyl, t-octyl, a desyl, A dodecyl, tetradecyl, 2-hexyl desyl, octadecyl, cyclohexyl, cyclopentyl 
and a polymerization nature machine (desirable — a vinyl group and an acryloyl machine — ) Alkenyl 
machines which are not replaced [ substitution or ], such as a methacryloyl machine, a styryl machine, 
and a cinnamic acid residue (more than are 2-24 in C preferably) Even if it is a straight chain-like, it 
may be branched-chain, for example, a vinyl and an allyl compound are expressed, the alkyl group of 
more than C 3-18 or the alkenyl machine of more than C 2-18 is expressed preferably, and the alkyl 
group of more than C 4-6 is expressed more preferably. 

[0039] A general formula (m-a), inner Qyl, and Ryl-Ry6 may have the substituent. as an example of 
a desirable substituent a halogen atom (F, CI, Br, I), a cyano group, and an alkoxy group (a methoxy - 
-) Ethoxy ** butoxy, octyloxy, methoxyethoxy one, methoxy PENTA (ethyloxy), Aryloxy machines, 
such as acryloyl oxyethoxy and pentafluoro propoxy one (phenoxy etc.), alkyl thio machines (a 
methylthio, ethyl thio, etc.) and an acyl group (an acetyl -) sulfonyl machines (a methane sulfonyl --), 
such as a propionyl and a benzoyl An acyloxies machine, such as benzenesulphonyl (acetoxy, 
benzoyloxy, etc.), A sulfonyloxy machine (methane sulfonyloxy, toluenesulfonyloxy, etc.), 
phosphonyl groups (diethyl phosphonyl etc.) and an amide group (acetylamino --) carbamoyl groups 
(N and N-dimethyl carbamoyl ~), such as a benzoyl amide alkyl groups (a methyl, ethyl, and a propyl 
-), such as N-phenylcarbamoyl An isopropyl, a cyclo propyl, butyl, 2-carboxy ethyl, a benzyl, etc., 
aryl groups (a phenyl, toluyl, etc.) and a heterocycle machine (for example, pyridyl — ) Alkenyl 
machines, such as imidazolyl and furanyl (a vinyl, 1-propenyl, etc.), An alkoxy-group acyloxy 
machine (acetyloxy, benzoyloxy, etc.), Alkoxy carbonyl groups (a methoxycarbonyl, ethoxycarbonyl, 
etc.) and polymerization nature machines (preferably a vinyl group, an acryloyl machine, a 
methacryloyl machine, a styryl machine, a cinnamic acid residue, etc.) are mentioned. 
[0040] When a meso gene machine is included in a cation part, as the opposite anion preferably As an 
inorganic anion, a halogen anion (C1-, Br-, I-), an iodine trimer anion (I3-), NCS-, BF4-, PF6-, 04C1-, 
Ph4B-, AsF6-, SbF6-, and B10C110-, It is desirable to be chosen from the group which consists of an 
anion which a sulfonamide, disulfon imide, N-acyl sulfonamide, a carboxylic acid, a sulfonic acid, 
alcohol, an activity methylene, and activity methine dissociated as an organic anion. It is chosen from 
the group which consists of an iodine anion (I-, I3-) and an anion which a sulfonamide, disulfon 
imide, N-acyl sulfonamide, a carboxylic acid, a sulfonic acid, alcohol, an activity methylene, and 
activity methine dissociated as an organic anion more preferably. As an iodine anion (I-, I3-) and an 
organic anion, still more preferably A sulfonic acid, the anion (for example, (CnF2n+lS02) 
(CmF2m+lS02), imido anion expressed with N- (n --)) which disulfo nil imide and N-acyl 
sulfonamide dissociated m is chosen from the group which consists of six or less positive integer, a 
fluorosulfonic-acid anion (n is six or less positive integer) expressed with CnF2n+lS03-, 
respectively. It is an iodine anion (I-, I3-) especially preferably. This iodine anion is advantageous 
when using a specific liquid crystal compound as an electrolyte use for solar batteries from which 
iodine ion serves as a carrier. 
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[0041] When a meso gene machine is included in an anion part, things desirable as the anion part 
(substituent with a negative charge) are a sulfonamide, disulfon imide, N-acyl sulfonamide, a 
carboxylic acid, a sulfonic acid, alcohol, an activity methylene, and the anion in which activity 
methine carried out proton dissociation. 

[0042] When a meso gene machine is included in an anion part, as the above-mentioned general 
formula (IQ-a) and (Ill-b) (DI-c) the cation of the structure expressed, and an inorganic cation, a 
lithium ion is suitably mentioned as an organic cation preferably as the opposite cation. A lithium ion 
is suitable also especially in these. This lithium ion is advantageous when using a specific liquid 
crystal compound as a lithium ion battery or an electrolyte for lithium cells. 

[0043] It is desirable that an alkyl group or an alkenyl machine is included as a basis which connects 
with a mesomorphism substituent (the counter ion is also included when it has an ionicity basis) the 
organic ion which shows an end group or a meso gene machine, and ionicity. As for the carbon 
number of these alkyl groups or an alkenyl machine, 6 to 25 is desirable, and 6 to 18 is still more 
desirable. Moreover, you may have the substituent and what was mentioned above as a substituent in 
R of a general formula (I) as a desirable substituent is mentioned. 

[0044] As a mesomorphism substituent, when using the electrolyte constituent of this invention for a 
lithium ion battery or a lithium cell use, especially desirable composition is an anion part in which the 
part connected with L in a general formula (I) contains a meso gene machine, and is the composition 
that the counter ion used as the cation part is a lithium ion. On the other hand, when using for the 
solar-battery use from which iodine ion serves as a carrier, it is desirable that it is the composition 
that the opposite anion which the part connected with L in a general formula (I) is a cation part 
containing a meso gene machine, and serves as the anion part is iodine ion. 

[0045] As a mesomorphism substituent, pKa of the conjugate acid of an anion part is desirable from a 
viewpoint which raises the dissociation concentration of the ion (for example, a lithium ion, iodine 
ion, etc.) from which it becomes a carrier in an electrolyte that it is 1 1 or less, and it is still more 
desirable that it is seven or less. 

[0046] Although the example P-1 to P-28 of the polysiloxane structure shown by the general formula 
(I) is shown hereafter, this invention is not necessarily limited to these examples. In addition, let the 
liquid crystal compound which repeats the structure shown by this example and it has as a unit be the 
instantiation compound P-1 to P-28. 
[0047] 
[Formula 7] 
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[0048] 
[Formula 8] 
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[0049] 
[Formula 9] 
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[0050] 

[Formula 10] 
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[0051] 

[Formula 11] 

CF3SO2- N-S0 2 (CH 2 CH 2 O^CM2CH 2 S<^-N--SO 2 CF3 {P _ 2 8) 

OMe 

-fH- - 

0-(CH 2 ) 2 S02NS0 2 CF 3 



? /H 2 CH 2 c- + N Q H Q Ho _Q_ oC8Hirn 
CHa 

ch 2 chj q/ - \_ 0C8Hiri1 



O-CCHjJzSOzNSOjCF, 
OEt 

[0052] A specific liquid crystal compound may be a high molecular compound obtained by having a 
polymerization nature machine and carrying out the polymerization of them. The radical 
polymerization method which is a general macromolecule synthesis method indicated by the 
laboratory procedure (Kagaku-Dojin) of Takayuki Otsu and Kinoshita **** 
collaborationrmacromolecule composition, Takayuki Otsu:lecture polymerization-reaction theory 1 
radical polymerization (I), and (Kagaku-Dojin) as a polymerization method which this high molecular 
compound obtains can be used. The thermal polymerization initiator which there are a thermal 
polymerization method using a thermal polymerization initiator and the photopolymerizing method 
using a photopolymerization initiator, and is used preferably For example, 2 and 2'-azobis 
(isobutyronitrile), 2, and 2'-azobis (2,4-dimethylvaleronitrile), Azo system initiators, such as a 
dimethyl 2 and 2'-azobis (2-methyl propionate), For the example of the photopolymerization initiator 
which peroxide system initiators, such as benzoyl peroxide, etc. are contained and is used preferably 
alpha-carbonyl compound (U.S. JP,23676613 - said - each specification publication of No. 
2367670) - The acyloin ether (U.S. JP,244828,B specification publication), alpha-hydrocarbon 
substitution aromatic acyloin compound (U.S. JP,2722512,B specification publication), a polynuclear 
quinone compound (U.S. JP,3046127,B - said - each specification publication of No. 2951758) - 
The combination of a triaryl imidazole dimer and p-aminophenyl ketone (U.S. JP,35493676J8 
specification publication), An acridine, a phenazine compound (JP,60-105667,A, the U.S. 
JP,4239850,B specification publication), and an OKISA diazole compound (U.S. JP,4212970,B 
specification publication) are contained. The desirable addition of a polymerization initiator is below 
20 mass % more than 0.01 mass % to a monomer (salt) total amount, and is below 10 mass % more 
than 0.1 mass % still more preferably. The desirable molecular weight (number average molecular 
weight) of the macromolecule obtained by the polymerization is 5,000-1 million, when monomers 
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(salt) are single organic functions, and it is 10,000-500,000 still more preferably. Moreover, when the 
case of polyfunctional monomer (salt) or a cross linking agent is used, the polymer of the above- 
mentioned molecular weight forms the 3-dimensional network structure. 
[0053] When using the electrolyte constituent of this invention for the electrolyte of a 
photoelectrochemical cell, it is desirable to use the electrolyte constituent containing I- and 13- as a 
charge carrier, and it can add them in the form of arbitrary salts. As an opposite cation of a desirable 
iodine salt, the above-mentioned general formula (ffl-a) or (m-b) (m~c) the thing expressed is 
mentioned. As for an I3-salt, it is common to add iodine (12) to the bottom of I-salt existence, and to 
make it generate in an electrolyte constituent. Added 13- of 12 and the amount of said generates in that 
case. 

[0054] The concentration of I- in the electrolyte constituent of this invention has desirable 10 - 90 
mass %, and its 30 - 70 mass % is still more desirable. It is desirable that all the components of the 
remainder in that case are specific liquid crystal compounds. In addition, this concentration is the 
concentration also containing this, when I- is contained as a counter ion in the aforementioned 
specific liquid crystal compound. 

[0055] It is more desirable that it is [ 0.1-20 mol ] %, as for I3-, it is desirable that it is [ 0.1-50 mol / 
of I- ] %, and it is / it is still more desirable that it is / 0.5-10 mol / %, and / most desirable that it is / 
0.5-5 mol / %. In addition, this rate is this ****** rate, when 13- is contained as a counter ion in the 
aforementioned specific liquid crystal compound. 

[0056] The fused salt which may also contain still more nearly another fused salt in the electrolyte 
constituent of this invention, and is used preferably The aforementioned general formula (Ill-a), and 
(Dl-b) (IH-c) the shown organic cation and arbitrary anions are combined, as an anion Halogenide ion, 
SCN- (C1-, Br-, etc.), BF4-, PF6-, C104-, 2 (CF3S02)N-, 2 (CF3CF2S02)N-, CH3S03-, CF3S03-, 
CF3COO-, Ph4B-, 3(CF3S02) C-, etc. are mentioned as a desirable example, and SCN-, CF3S03-, 
CF3COO-, 2 (CF3S02)N-, and BF4- are mentioned still more preferably. Moreover, it is desirable 
that alkali-metal salts, such as Lil, CF3COOLi, CF3COONa, LiSCN, and NaSCN, are especially 
included from a viewpoint on the photoelectrical flow direction. As for the addition of an alkali-metal 
salt, it is desirable that it is a 0.02 - 2 mass % grade, and its 0.1-1 mass % is still more desirable. 
[0057] To the electrolyte constituent of this invention, metal iodides, such as Lil, Nal, KI, Csl, and 
CaI2, The iodine salt of the 4th class imidazolium compound, the iodine salt of a 
tetraalkylammonium compound, Metal bromides, such as Br2, LiBr, NaBr, KBr, CsBr, and CaBr2, 
Or the bromine salt of the 4th class ammonium compounds, such as Br2, a tetrapod alkylammonium 
star's picture, and a pyridinium star's picture Sulfur compounds, such as metal complexes, such as a 
ferrocyanic-acid salt-ferricyanic-acid salt and a ferrocene-ferricinium ion, the poly sodium sulfide, 
and alkyl thiol-alkyl disulfide, viologen coloring matter, a hydroquinone-quinone, etc. are made to 
contain, and can also be used. When making it contain, as for the amount of these compounds used, it 
is desirable that it is below 30 mass % of the whole electrolyte constituent. 
[0058] the liquid crystal compound and ** of the aforementioned specification in the electrolyte 
constituent of this invention - ** » a solvent can both be preferably used to this compound and a 
homogeneous amount at the maximum 

[0059] As for the solvent used for the electrolyte constituent of this invention, it is desirable for a 
dielectric constant to be high in improving ionic mobility low, and for viscosity to be the compound 
which improves effective carrier concentration and can discover the outstanding ion conductivity. As 
such a solvent, carbonate compounds, such as ethylene carbonate and propylene carbonate, 
Heterocyclic compounds, such as 3-methyl-2-oxazolidinone, a dioxane, Ether compounds, such as 
diethylether, ethylene glycol dialkyl ether, The propylene-glycol dialkyl ether, the polyethylene-glycol 
dialkyl ether, Chain-like ether, such as the polypropylene-glycol dialkyl ether, A methanol, ethanol, 
ethylene glycol monoalkyl ether, Propylene-glycol monoalkyl ether, polyethylene-glycol monoalkyl 
ether, Alcohols, such as polypropylene-glycol monoalkyl ether, Ethylene glycol, a propylene glycol, a 
polyethylene glycol, Polyhydric alcohol, such as a polypropylene glycol and a glycerol, an 
acetonitrile, Guru taro dinitrile, a methoxy acetonitrile, a propionitrile, Non-proton polar substances, 
such as ester, such as nitryl compounds, such as abenzonitrile, a carboxylate, phosphoric ester, and 
phosphonate, a dimethyl sulfoxide, and a sulfolane, water, etc. can be used. Also in this, nitryl 
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compounds, such as heterocyclic compounds, such as carbonate compounds, such as ethylene 
carbonate and propylene carbonate, and 3-methyl-2-oxazolidinone, an acetonitrile, guru taro dinitrile, 
a methoxy acetonitrile, a propionitrile, and a benzonitrile, and especially ester are desirable. Even if it 
uses these independently, they may use two or more sorts together. 

[0060] As a solvent, the boiling point [ in / an ordinary pressure (one atmospheric pressure) / at the 
viewpoint of the improvement in endurance by volatility-proof ] has desirable 200 degrees C or more, 
its 250 degrees C or more are more desirable, and its 270 degrees C or more are still more desirable. 
[0061] in using the electrolyte constituent of this invention for electrochemical cells, such as a 
lithium ion battery, at least one kind of the compound in an electrolyte constituent contains a lithium 
element (ion) — although it comes out and a certain compound is used suitably, as concentration of a 
lithium element (ion), 5 % of the weight - 100 % of the weight is desirable, and 60 % of the weight is 
still more desirable from 20 % of the weight 

[0062] The electrolyte constituent of this invention can be used for reaction solvents, such as a 
chemical reaction and metal plating, a CCD (charge-coupled device) camera, various electrochemical 
cells (the so-called cell), an electrochemistry sensor, a photoelectrical evaporation study sensor, etc. It 
is more desirable for it to be preferably used for a non-water rechargeable battery (especially lithium 
secondary battery) and the photoelectrochemical cell using the semiconductor mentioned later, and to 
be used for a photoelectrochemical cell. 

[0063] The electrochemical cell of this invention which used the electrolyte constituent of this 
invention below for the [electrochemical cell] is explained. Since the electrochemical cell of this 
invention contains the electrolyte constituent of the aforementioned this invention, it shows the 
outstanding endurance and outstanding ion conductivity. 

[0064] Except the electrochemical cell of this invention containing the electrolyte constituent of the 
aforementioned this invention as an electrolyte, there is especially no limit and it can take general 
composition. A general electrochemical cell becomes by composition which sandwiched the 
electrolyte by the operation pole and the counter electrode, and corresponding to the oxidization 
(reduction) reaction which occurs by operation best quality, and the reduction (oxidization) reaction 
which occurs by the counter electrode, when the carrier ion in an electrolyte moves between two 
poles, it functions. In the case of the photoelectrochemical cell mentioned later, in the case of the 
electrode (for example, coloring matter sensitization semiconductor electrode) and rechargeable 
battery from which an operation pole produces electromotive force by optical pumping, the active 
material which can carry out insertion discharge of the lithium ion in connection with oxidation 
reduction is used by an operation pole (usually called a positive electrode) and the counter electrode 
(usually called a negative electrode). 

[0065] The photoelectrochemical cell of this invention which used the electrolyte constituent of this 
invention below for the [photoelectrochemical cell] is explained. The photoelectrochemical cell of 
this invention has the charge transporting bed which contains an electrolyte constituent on a 
conductive base material, a photosensitive layer containing the semiconductor by which sensitization 
was carried out with coloring matter, and a counter electrode, and it constitutes them so that the 
optoelectric transducer explained to the so-called following may be made to work in an external 
circuit. The photoelectrochemical cell of this invention shows the outstanding endurance with small 
degradation of the cell performance in the passage of time while it is excellent in a photo-electric- 
translation performance, since the aforementioned charge transporting bed contains the electrolyte 
constituent of this invention. 

[0066] [1] An example of an optoelectric transducer applicable to this invention at optoelectric- 
transducer drawing 1 is shown. A conductive layer 12, an under coat 14, a photosensitive layer 16, 
the charge transporting bed 18, and the counter electrode conductive layer 20 come to carry out the 
laminating of the optoelectric transducer 10 one by one. A photosensitive layer 16 turns into the 
semiconductor layer 24 which carried out sensitization with coloring matter d from the charge 
transportation material t. The semiconductor layer 24 is a porous layer which consists of a 
semiconductor particle s, the opening was formed between the semiconductor particles s and the 
charge transportation material t has permeated this opening. The charge transportation material t 
consists of the same component as the material used for the charge transporting bed 18. Under the 
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conductive layer 12, the substrate 28 is arranged on the substrate 26 and the counter electrode 
conductive layer 20. Substrates 26 and 28 may be for giving intensity, and may not be in an 
optoelectric transducer. Moreover, on the boundary of each layer, for example, the boundary of a 
conductive layer 12 and a photosensitive layer 16, the boundary of a photosensitive layer 16 and the 
charge transporting bed 18, and the boundary of the charge transporting bed 18 and the counter 
electrode conductive layer 20, the constituents of each class may be carrying out diffusive mixing 
mutually. In addition, a conductive layer 12, a substrate 26, and/or the counter electrode conductive 
layer 20 and substrate 28 of the side which may carry out incidence of the light to an optoelectric 
transducer 10 from either or both sides, and carries out incidence of the light to it can consist of 
material which has light-transmission nature, respectively. 

[0067] Next, an operation of an optoelectric transducer 10 is explained. In addition, the case where 
the semiconductor particle s is n type is explained. If light carries out incidence to an optoelectric 
transducer 10, the light which carried out incidence will reach a photosensitive layer 16, will be 
absorbed with coloring matter d etc., and will generate the coloring matter d of an excitation state. 
The excited coloring matter d passes the electron of a high energy to the conduction band of the 
semiconductor particle s, and it becomes an oxidant itself. The electron from which it moved to the 
aforementioned conduction band reaches a conductive layer 12 by the network of the semiconductor 
-particle s. Therefore, a conductive layer 12 has an electronegative potential to the counter electrode 
conductive layer 20. In the mode which used the optoelectric transducer 10 for the photoelectric cell, 
if this photoelectric cell is connected with an external circuit, the electron in a conductive layer 12 
will reach the counter electrode conductive layer 20, working in an external circuit. The generated 
reductant (for example, I3-) returns the oxidant of coloring matter d, and returns an electron while it 
returns this electrolyte component (for example, I-), when charge transportation material is an 
electrolyte. By continuing irradiating light, a series of reactions occur succeedingly and can take out 
the electrical and electric equipment. 

[0068] Hereafter, an usable material and its formation method are explained to each class of the 
aforementioned optoelectric transducer. In addition, below, when calling it "a conductive base 
material", it is accepted conductive-layer 12, and although it consists of a conductive layer 12 and a 
substrate 26 which it is arbitrary and is prepared, when calling it a "counter electrode" including both 
sides, it is accepted counter electrode conductive-layer 20, and both sides are included although it 
consists of a counter electrode conductive layer 20 and a substrate 28 which it is arbitrary and is 
prepared. 

[0069] (A) A conductive base material conductivity base material consists of the monolayer of (1) 
conductive layer or (2) conductive layers, and two-layer [ of a substrate ]. In the case of (1), material 
at which intensity and sealing performance are fully maintained as a conductive layer is used, for 
example, a metallic material (alloys containing these, such as platinum, gold, silver, copper, zinc, 
titanium, and aluminum) can be used. In the case of (2), the substrate which has the conductive layer 
which contains an electric conduction agent in a photosensitive-layer side can be used. As a desirable 
electric conduction agent, a metal (for example, alloys containing these, such as platinum, gold, 
silver, copper, zinc, titanium, aluminum, and an indium), carbon, or conductive metallic oxides (what 
doped a fluorine or antimony to an indium-tin multiple oxide and the tin oxide) are mentioned. The 
thickness of a conductive layer has desirable about 0.02-10 micrometers. 

[0070] A conductive base material has surface electrical resistance as good as a low. The ranges of 
desirable surface electrical resistance are below 50ohms / **, and are below 20ohms / ** still more 
preferably. 

[0071] When irradiating light from a conductive base material side, as for a conductive base material, 
it is desirable that it is substantially transparent. It means substantially that permeability is it 10% or 
more that it is transparent in some or the whole region of light of a visible - near infrared region (400- 
1200nm), it is desirable that it is 50% or more, and 80% or more is more desirable. It is desirable that 
the permeability of the wavelength region where a photosensitive layer has sensitivity especially is 
high. 

[0072] What formed the transparent conductive layer which consists of a conductive metallic oxide in 
the front face of transparent substrates, such as glass or plastics, by an application or vacuum 
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evaporationo as a transparent conductivity base material is desirable. A thing desirable as a 
transparent conductive layer is the diacid-ized tin or indium-stannic-acid ghost (ITO) which doped a 
fluorine or antimony. A transparent polymer film besides glass substrates, such as an advantageous 
soda glass and an alkali free glass without the influence of alkali elution, can be used for a transparent 
substrate in respect of a low cost and intensity. As a material of a transparent polymer film, there is a 
triacetyl-cellulose (TAC), polyethylene-terephthalate (PET), polyethylenenaphthalate (PEN), 
syndiotactic polystyrene (SPS), polyphenylene-sulfide (PPS), polycarbonate (PC), polyarylate (PAr), 
polysulfone (PSF), polyester sulfone (PES), polyimide (PI), polyether imide (PEI), annular 
polyolefine, and bromine-ized phenoxy etc. In order to secure sufficient transparency, as for the 
coverage of a conductive metallic oxide, it is desirable to consider as per [ 0.01-100g ] two 1m of 
base materials of glass or plastics. 

[0073] It is desirable to use a metal lead in order to lower resistance of a transparent conductivity 
base material. The quality of the material of a metal lead has desirable metals, such as platinum, gold, 
nickel, titanium, aluminum, copper, and silver. As for a metal lead, it is desirable to install in a 
transparent substrate by vacuum evaporationo, sputtering, etc., and to prepare on it the transparent 
conductive layer which consists of the conductive tin oxide or a conductive ITO film. The fall of the 
amount of incident lights by metal lead installation may be 1 - 5% more preferably less than 10%. 
[0074] (B) The photosensitive-layer aforementioned photosensitive layer absorbs light, performs 
charge separation, and has the function which produces an electron and an electron hole. The 
aforementioned photosensitive layer contains the semiconductor by which coloring matter 
sensitization was carried out. With the semiconductor by which coloring matter sensitization was 
carried out, generating of an optical absorption, the electron by this, and an electron hole takes place 
mainly in coloring matter, and a semiconductor bears the role which receives and transmits this 
electron (or electron hole). As for the semiconductor used by this invention, it is desirable that it is 
the n-type semiconductor which gives an anode current by a conductor electron serving as a carrier 
under optical pumping. 

[0075] (1) The compounds (for example, a strontium titanate, titanic-acid calcium, titanic-acid 
sodium, a barium titanate, a niobic-acid potassium, etc.) which have silicon, an element 
semiconductor like germanium, a 1H-V system compound semiconductor, metaled chalcogenide (for 
example, an oxide, a sulfide, selenides, or those composites etc.), or a perovskite structure as a 
semiconductor semiconductor can be used. 

[0076] As chalcogenide of a desirable metal, the oxide of titanium, tin, zinc, iron, a tungsten, a 
zirconium, a hafnium, strontium, an indium, a cerium, an yttrium, a lanthanum, vanadium, niobium, 
or a tantalum, cadmium, zinc, lead, silver, antimony or the sulfide of a bismuth, cadmium or a leaden 
selenide, the telluride of cadmium, etc. are mentioned. As other compound semiconductors, the 
selenide of phosphides, such as zinc, a gallium, an indium, and cadmium, a gallium arsenide, or a 
copper-indium, the sulfide of a copper-indium, etc. are mentioned. Furthermore, the composite 
expressed with MxOySz or MlxM2yOz (the number [ metallic element ] of combination with which 
an oxygen atom, x, and y and z become as for M, Ml, and M2, and, as for O, a valence becomes 
neutral, respectively) can also be used preferably. 

[0077] The desirable example of the semiconductor used for this invention Si, Ti02, Sn02, Fe 203, 
W03, ZnO, Nb 205, CdS, ZnS and PbS, Bi2S3, CdSe, CdTe, They are SrTi03, GaP, InP, GaAs, 
CuInS2, and CuInSe2 grade. More preferably Ti02, ZnO, Sn02, Fe203, W03, Nb205, CdS, It is 
PbS, CdSe, SrTi03 and InP, GaAs, and CuInS2 and CuInSe2, is Ti02 and Nb 205 especially 
preferably, and is Ti02 most preferably. Ti02 which includes an anatase type crystal 70% or more is 
desirable especially desirable, and Ti02 is Ti02 of 100% anatase type crystal. Moreover, it is the 
purpose which raises the electronic conductivity in these semiconductors, and it is also effective to 
dope a metal. As a metal to dope, divalent and a trivalent metal are desirable. It is the purpose which 
prevents that a reverse current flows from a semiconductor to a charge transporting bed, and it is also 
effective to dope a univalent metal to a semiconductor. 

[0078] Although a single crystal or a polycrystal is sufficient as the semiconductor used for this 
invention, from viewpoints, such as a manufacturing cost, raw-material reservation, and an energy 
pay back time, a polycrystal is desirable and especially the porous membrane that consists of a 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_.cgi_.ejje 6/4/2003 



Page 13 of 13 

semiconductor particle is desirable. Moreover, the amorphous portion may be included in part. 
[0079] Although the particle size of a semiconductor particle is generally the order of nm-mu m, as 
for the mean particle diameter of the primary particle which asked for projected area from the 
diameter when converting into a circle, it is desirable that it is 5-200nm, and its 8-100nm is more 
desirable. Moreover, the mean particle diameter of the semiconductor particle in dispersion liquid 
(aggregated particle) has desirable 0.01-30 micrometers. It is lOnm or less preferably [ may mix two 
or more kinds of particles from which a particle size distribution differs, and / that the average size of 
a small particle is 25nm or less in this case ], and more preferably. Particle size is big, for example, it 
is also desirable to mix a semiconductor particle (lOOnm or more and about 300nm) in order to 
scatter an incident light and to raise the rate of optical capture. 

[0080] You may be two or more sorts of mixtures from which the kind of semiconductor particle also 
differs. When mixing and using two or more sorts of semiconductor particles, as for one sort, it is 
desirable that they are Ti02, ZnO, Nb 205, or SrTi03. Moreover, it is desirable that they are Sn02, 
Fe 203, or W03 as one more sort. As a still more desirable combination, combination, such as ZnO, 
Sn02, ZnO and W03, or ZnO, Sn02, W03, can be mentioned. When mixing and using two or more 
sorts of semiconductor particles, each particle size may differ. The particle size of the semiconductor 
particle mentioned especially at the one above-mentioned item is large, and combination with the 
small semiconductor particle mentioned henceforth [ 2 items ] is desirable. The particle of a desirable 
large particle size is lOOnm or more, and the particle of a small particle size is 15nm or less in 
combination. 

[0081] As a method of producing a semiconductor particle, they are the company (1998) of the 
"science of sol-gel method" AGUNE ** style of ********, and a technical-information association. 

[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 

EXAMPLE 

[Example] Hereafter, an example explains this invention concretely. 

- The instantiation compound P-5 was compounded by the synthetic example-following composition 

scheme of the instantiation compound P-5. 

[0156] 

[Formula 18] 

M-1 

-^^CH CHS ° H 



'CHjOH /=\ 
0HC "\_/ 
M-3 



M ** 0-(CHaJal 
M-5 



[0157] ** The synthetic dimethyl malonate of intermediate field M-1; after dissolving 58.1g 
(439mmol) in the methanol, adding methanol 28% solution;88ml of a sodium methoxide and 
dropping 1-BUROMO decane 97.2g (439mmol) over 1 hour, it flowed back for 8 hours. Diluted 
hydrochloric acid was filled with reaction mixture, and ethyl acetate extracted after neutralization. 
Vacuum concentration of the extraction solution was carried out after dryness with magnesium 
sulfate, vacuum distillation of the residue was carried out, and M-1 [ 41g (fraction (399Pa (3mmHg) / 
82 degrees C)) ] was obtained. 

[0158] ** The solution which was obtained by the above-mentioned ** and which dissolved M-1 
(41g, 170mmol) in diethylether (50ml) was dropped over 2 hours, having distributed the synthetic 
lithium aluminum hydride (llg, 289mmol) of intermediate field M-2 to 150ml diethylether, and 
stirring at a room temperature. After dropping, after flowing back for 3 hours, diluted hydrochloric 
acid/ice was slowly filled with reaction mixture, and it extracted, after making a solution acid. The 
bottom solvent of reduced pressure was distilled off for the extract after dryness with magnesium 
sulfate, and the oily matter of 31g of rough products was obtained. The rough product was refined in 
silica gel column chromatography, and 14g was obtained as M-2 and colorless oily matter. 
[0159] ** M-2 (13.85g, 64mmol) obtained by the synthetic above of intermediate field M-4 and M-3 
(6.86g, 64mmol) were distributed in toluene (50ml), Para toluenesulfonic acid (12g) was added, and 
heating reflux was carried out for 5 hours, distilling off water. The water (100ml) which added 
potassium carbonate (lOg) was filled with reaction mixture, ethyl acetate extracted, and the solvent 
was distilled off under reduced pressure after drying an extract. The residue was recrystallized in the 
acetonitrile, and M-4 of the purpose was considered as the crystal, and was obtained 7g. 
[0160] ** It distributed to the acetonitrile (50ml) and the dimethylacetamide (20ml), and M-4 (5g, 
16.4mmol) and polymer M-5 (3g) which were obtained by the synthetic above of P-5 were made to 
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react at 80 degrees C for 10 hours. The solvent was distilled out of reaction mixture at 120 degrees C 
under reduced pressure, and P-5 (7.5g) which has the mesomorphism side chain which is the 
specified substance was obtained. 
[0161] (Example 1) 

- With 15g [ of titanium dioxides ] (Japanese Aerosil Degussa P-25), 45g, lg (Aldrich make, Triton 
X-100), and a diameter of 0.5mm- zirconia-beads (Nikkato Corp. make) 30g was put into the vessel 
made from stainless steel of 200ml of content volume which carried out Teflon (registered trademark) 
coating of the manufacture inside of photoelectrochemical-cell-1-1. titanium-dioxide dispersion 
liquid, and it distributed in 1500rpm for 2 hours using the Sand-grinder mill (product made from eye 
MEKKUSU) Zirconia beads were filtered and removed from the distributed object. The mean particle 
diameter of the titanium dioxide in this case was 2.5 micrometers. The particle size at this time is 
measured in the master sizer made from MALVERN. 

[0162] 1-2. The glass rod was used and the above-mentioned dispersion liquid were applied to the 
electric conduction side side of the electrically conductive glass (what carried out cutting processing 
of the Asahi Glass TCO glass-U at the 20mmx20mm size) which coated the tin oxide which doped 
the production fluorine of Ti02 electrode (electrode A) which adsorbed coloring matter. Under the 
present circumstances, the adhesive tape was stretched to the part by the side of an electric 
conduction side (from an edge to 3mm), and it considered as the spacer, and glass was put in order 
and it applied eight sheets at a time at once so that an adhesive tape might come to ends. After the 
application, it exfoliated and the adhesive tape was air-dried for one day at the room temperature. 
Next, this glass was put into the electric furnace (muffle furnace FP-32 type made from the Yamato 
science), and it calcinated for 30 minutes at 450 degrees C. It flooded with the ethanol solution (3xten 

- four mols/(l.)) of coloring matter R-l for 3 hours, after taking out this glass and cooling. After being 
immersed in a 4-tert-butyl pyridine for 15 minutes, the air drying of the glass which coloring matter 
dyed was washed and carried out by ethanol. Thus, the thickness of the photosensitive layer obtained 
is 10 micrometers, and the coverage of a semiconductor particle was taken as 20 g/m2. In addition, 
the surface electrical resistance of electrically conductive glass was about 30ohm/**. 

[0163] 1-3. The acetonitrile was distilled off, applying the acetonitrile solution (an acetonitrile being 
a constituent and a homogeneous amount) of the electrolyte constituent (E-102 to E-l 13) containing 
Table 1 therefore the adjusted aforementioned specific liquid crystal compound, or a comparison 
compound to the Ti02 electrode substrate (lcmxlcm) which is the production **** of a 
photoelectrochemical cell, and was made and produced and by which the color sensitizing was 
carried out, and infiltrating it into Ti02 electrode under 60 degrees C and reduced pressure. The 
platinum vacuum evaporationo glass of the same size was laid on top of these electrodes, and the 
photoelectrochemical cell (sample B-102-1 13) was obtained. Moreover, after laying the electrolytic 
solution (E-101 of Table 1) using the solvent on top of the same Ti02 electrode substrate (2cmx2cm) 
as the above by which coloring matter sensitization was carried out with the platinum vacuum 
evaporationo glass of the same size as the electrode, it infiltrated the electrolytic solution into the 
crevice between both glass using capillarity, and produced the photoelectrochemical cell (sample B- 
101). 

[0164] The photoelectrochemical cell by which the laminating of the platinum layer 6 and glass 7 

which serve as electrically conductive glass 1 (that by which the conductive layer 3 was ****(ed) on 

glass 2), a photosensitive layer 4 (TiO two-layer coloring matter was made to stick to), the electrolyte 

layer 5, and a counter electrode by this example as shown in drawing 2 was carried out to order was 

produced. 

[0165] 

[Table 1] 
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[0166] 

[Formula 19] 



H 3 C- N S/^CH 2 CH 3 H 3 C- N ^ N -C 4 H r n 

I" 



N(S0 3 CF3) 2 
RE-l 



RE-2 



4 s r4- 

OMe 



RE-3 



[0167] 1-4. By letting AM1.5 filter (product made from Oriel), and a sharp cut filter (KenkoL-41) 
pass for the light of the xenon lamp of measurement 500W of a photoelectric conversion efficiency 
(USHIO make), the simulation sunlight which does not include ultraviolet rays was generated and 
this luminous intensity was adjusted to 100 mW/cm2. 

[0168] The electrical and electric equipment which connected the crocodile clip, respectively, 
irradiated simulation sunlight at 70 degrees C, and was generated on the above-mentioned electrically 
conductive glass and above-mentioned platinum vacuum evaporationo glass of a 
photoelectrochemical cell was measured in the current-potential measuring device (case rhe SMU238 
type), the open circuit voltage (Voc) of the photoelectrochemical cell called for by this, short-circuit 
current density (Jsc), and a form factor -- (FF) [= maximum output/(open-circuit- voltage x short- 
circuit current)] and a conversion efficiency (eta), and constant temperature - the decreasing rate of 
the short-circuit current density after carrying out the passage of time for 400 hours was collectively 
indicated to Table 2 under constant humidity (60 degrees C, 70%R.H.) 
[0169] 
[Table 2] 
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[0170] From the above-mentioned result, since a solvent volatilizes, the photoelectrochemical cell 
(B-101) using the solvent as the electrolytic solution is understood that endurance is very bad. 
Moreover, by passing, although the cell (B-104) using polysiloxane RE-3 which do not have fused 
salt RE-1, the cell (B-102, B-103) using RE-2, and mesomorphism substituent of a comparison 
compound is small, it understands that a photo-electric-translation performance is not enough for 
degradation in the time. The photoelectrochemical cell using the electrolyte constituent containing the 
aforementioned specific liquid crystal compound is excellent in initial performances, such as short- 
circuit current density and a conversion efficiency, and endurance to them. Such an effect was seen 
when which coloring matter was used. 
[0171] (Example 2) 

- As a Production Positive Active Material of Lithium Rechargeable Battery-2-1. Positive-Electrode 
Sheet LiCo02 43 weight sections, the scale-like graphite 2 weight section, the acetylene black 2 
weight section, Furthermore, add the polyacrylonitrile 3 weight section as a binder, and the slurry 
which kneaded the acrylonitrile 100 weight section as a medium, and was obtained is painted on an 
aluminum foil with a thickness of 20 micrometers using an extrusion formula application machine. 
After pressing with the calender press machine after dryness, the lead board made from aluminum 
was welded to the edge, and the positive-electrode sheet with 95 micrometers [ in thickness ] and a 
width-of-face [ of 54mm ] x length of 49mm was produced. 

[0172] 2-2. as the production negative-electrode active material of a negative-electrode sheet — a 
meso face pitch system carbon material (PETOKA) — as 43 weight sections and an electric 
conduction agent — the acetylene black 2 weight section and the graphite 2 weight section — 
comparatively — coming out — mixing further — as a binder — a polyacrylonitrile — 3 weight 
sections - adding — the N-methyl pyrrolidone 100 weight section ~ as a medium - kneading - a 
negative electrode — a mixture - the slurry was obtained a negative electrode — a mixture — the 
slurry was painted on copper foil with a thickness of 10 micrometers using the extrusion formula 
application machine, it pressed with the calender press machine after dryness, and the negative- 
electrode sheet with 46 micrometers [ in thickness ] and a width-of-face [ of 55mm ] x length of 
50mm was produced After welding the lead board made from nickel to the edge of a negative- 
electrode sheet, it heat-treated at 230 degrees C for 1 hour in dry air of -40 degrees C or less of dew- 
points. Heat treatment was performed using the far-infrared heater. 

[0173] The production negative-electrode sheet of a 2-3. sheet cell and the positive-electrode sheet 
carried out dehydration dryness at 230 degrees C for 30 minutes in dry air of -40 degrees C or less of 
dew-points, respectively. In dry atmosphere, the laminating of the separator (polyethylene porosity 
film) and nonwoven fabric which were judged in a dried [ dehydration ] positive-electrode sheet with 
a width-of-face [ of 54mm ] x length of 49mm and width-of-face [ of 60mm ] x length of 60mm was 
carried out, the liquid which dissolved the electrolyte (E-202-213) of composition adjusted according 
to Table 3 on the nonwoven fabric in the acetonitrile of the amount of said was applied, and the 
acetonitrile was distilled off under reduced pressure at 50 degrees C. Moreover, the electrolytic 
solution (E-201) using the solvent was infiltrated into the nonwoven fabric as it is. The laminating of 
the dried [ dehydration ] negative-electrode sheet with a width-of-face [ of 55mm ] x length of 50mm 
was carried out on it, using the sheathing material which consists of a laminate film of a polyethylene 
(50 micrometers)-polyethylene terephthalate (50 micrometers), heat weld was carried out, four edges 
were sealed under the vacuum, and the sheet type cell (sample B-201-213) was produced. 
[0174] The sheet type cell by which the laminating of the positive-electrode sheet 31 equipped with 
the negative-electrode sheet 33 equipped with the negative-electrode terminal 35, the solid polymer 
electrolyte 32, and the positive-electrode terminal 34 by this example as shown in drawing 3 was 
carried out to order was produced. 
[0175] 
[Table 3] 
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[0176] 2-4. About the sheet type cell produced by the method of the evaluation above of a cell 
performance, charge and discharge were repeated 30 times on condition that current density 1.3 
mA/cm2, charge final-voltage 4.2V, and discharge-final- voltage 2.6V**, and the service capacity in 
30 cycle eye was calculated. This was investigated about five cells of the same prescription, and the 
average was made into the capacity of the cell. Thus, the capacity of each cell was calculated and the 
relative capacitor to a sample B-201 was calculated. Moreover, the service capacity of the 200 cycle 
eye of each cell was calculated, the ratio to the service capacity of 10 cycle eye was calculated, and it 
expressed as a cycle capacity. Each value was shown in Table 4. 



[0177] 
[Table 4] 
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[0178] It turns out that the electrolyte which contains the aforementioned specific liquid crystal 
compound from the above-mentioned result is raising cycle nature, without seeing the big fall of 
capacity. 

[0179] From these examples, the electrolyte which did not volatilize substantially and was excellent 
in using the aforementioned specific liquid crystal compound at charge transportability ability was 
obtained, thereby, it excelled in the photoelectric transfer characteristic and the photoelectrochemical 
cell with little property degradation by the passage of time was obtained. Furthermore, this electrolyte 
does not reduce cell capacity and it turns out that it is the lithium ion conduction material which was 
moreover excellent in the cycle property. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

Prawing 11 It is the outline block diagram showing an example of the optoelectric transducer of this 
invention. 

[Drawing 2] It is the cross section showing the composition of the photoelectrochemical cell 
produced in the example 2. 

[Drawing 31 It is the schematic diagram of the sheet type cell produced in the example 3. 
[Description of Notations] 

1 Electrically Conductive Glass 

2 Glass 

3 Conductive Layer 

4 Photosensitive Layer (TiO Two-layer Which Carried Out Coloring Matter Adsorption) 

5 Electrolyte Layer 

6 Platinum Layer 

7 Glass 

10 Optoelectric Transducer 

12 Conductive Layer 

14 Under Coat 

16 Photosensitive Layer 

1 8 Charge Transporting Bed 

20 Counter Electrode Conductive Layer 

24 Semiconductor Layer 

26 Substrate 

28 Substrate 

s Semiconductor particle 

d Coloring matter 

t Charge transportation material 

31 Positive-Electrode Sheet 

32 Solid Polymer Electrolyte 

33 Negative-Electrode Sheet 

34 Positive-Electrode Terminal 

35 Negative-Electrode Terminal 



[Translation done.] 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3. In the drawings, any words are not translated. 
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[Translation done.] 
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